,TirLE  • 

m  I 

■  ■    ^  * . 
iifsriiurioN  ! 

SPOMS  iSENCr 

*P06  DATE 
NOTE  . 


Military  Ciirricula  for  vocational  6,  Techyiicai  . 
-.Education«.?3eneral  Purpose  Vahicle  Mechat  ic^  ^BlDcrlts 
'VI  &  711,  B-r'2.  :^    '       '  '       '  ' '  * 

Ohio.  State,  oiii v.  ,  ColuifiJ)us,  National  Center  f  or       \  • 

^search  in  vocational  Education.:  Technical  Trailing 

renter,  rh*nute  AFB.,  111.  • 

Bafeau  of  Occupational  and  Advil-^  Education  (DHEW/oE)  , 
Washington,  b.C.  .  ,\ 

75  '        •        •    *  •      ,  • 

657p.;  Vthe  Email  type  in '1  lag  rams  will  not  •  reprDidce 
well.   For  related  documents  see  CE  02U  S28-329.  ^ 


X 


EDRS  PRICE 
OSSCSIPTOBS 


lOENTIFIEHS  . . 
ABSJRACr 
guides, '  and 


MF03/PC27. Plus  Pos*aae,        .         "  .  . 

*Air  Conditionira  !!.quipment;   *Auto'  Mechanics; 
Behavioral  Oblective'5:  Course  Descriptions:  ^ 
Curriculum'^ides ;  Enqine-s:  *Ivquipiiient  Maintenance; 
"♦sCndustrli*.!  ilrts:  InspVct^ion;.  Ltarning  A^^.tivitias ; 
Les$on  Plan*:  Mo^cr  vehicles:  ^Postsecond&ry 
Education:  Proar* mfed 'instract  ional  Hjiterials; 
^Repair:   Secondary  Ei ucation :  Skilled  Occupations ; 
Study  Guides :  ' *Vocat ionral  Education 
Military  C 'yrriculum  Project" 

\  f  ' 

Puis  plan  of  instruction,  lesson  plans,  student  stuiy 
programed  text^;  for  a   sec ©•.iary-oostsecor. dary  level 
course  m  eftgine  mechanic*  is  ore  of  a  number  of  mili ta»ry-develDf ^3 
curiMculJDi  packages  selected  for  adaptation  to*  vocational  instrac<tion 
and  curricuL*im  development  in  a' civilian  settin-g.  It  is  the  .fourth  of 
a  four-part'  course  (see  Note  for  othar  sections)  covering  'general 
vehic'13  mechanics,  incladino  inspection,  mSintena^pe,  and  repair.  Th? 
plan  of  instruction  suggests  number  of  hours  of  class  time  devotai  to 
.each  lesson  i'n  two  blocks  oS  instruction   (Blocks-  VI  a-rd  <?III)  ,  ? 
total  4f  139.5  hours  of  instruction:    (^^  Brakes  and  Suspension  il 
«lessons,        hours),   including  hydraulic  brakes,  conventional  an,a 
power:,  s tee i^ino  systeis,   and  service  and  aijustmen*:  of  beaiff^tyt'e, 
frOnft  axle  and  iadependent  suspensio?. -systems  and  (!Ji)  Compr^.'ssiori' 
Ignition  En^gines  and  A, utofflotive' A ir  rofdition inq,    (U  lessons,,  "u-5.  5 
hours!  ,  t>ncludihg  coajiression  ianition  e;igine  familiariza tiOR^  ' 
operation,  and  serV4.cinq  and  priViciples  of,  construction,  operation, 
inspec^tion,  troubleshooting,  evabuating^  and  charging  air 
condltiottihg  systeas.,  j;,t  a^so.  derails  criterion/objectives  atd 
support  materials  needed.  Lesstfn  plans  outline ''te a chilig  steps. 
Stuiant  latenials  in  Bjock  VI  include  two  study  guides  containing 
^b-jeQtlv^s,  text,  and  review  questions  and  seven  programed  tejcts  ar3 
in  Block  VII  a  study  guide.  Military  .manual s,  commercial  texts^  ahd 
aulio'visuals  are  sugges+'ed,   but  r^o^-  provided.  (YLB) 
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*       Thi-  military  technical  training  coura^  has  baan  aalectad  and  '  r'^^^ 

The  clnter  for'Vok.tional  Education  for  "Trial  ?»Pl«y»«^J^**'*,*»^  J  iSS^i,!^!"" 
to  Provlda  Military  Currlcultim  Material,  fot  Uae  In  Vocational  an^  Technical  , 
Muclaon*"  .  project  aponaored  by  the  Bu^^au  of  Occupational  «d  Adult  Education.    ,  ;    .  ^ 
ir.S.  Department  of  Health.  Education,  and  Vplfarc.        ,  '  '  '  i'  .  : 


,.v» 


MILITAFY  CURRICULUM  MROERIALS 

.  •      •  • 

The  military-developed  curziculiiii  material^  in  this  ooursd  , 
padcage  were  selected  by  the  National  Cenfifer  for  R^seatch  in 
Vocatioial  Edacation  Military  Curriculum  Project  for  dissenv- 
ination  to-  the  six  regional  Curriculum  ^Coordination  Centers  and 
.  other  ins.tructional  matericils  agencies,    Ihe  purpose  of 
disseminating  tlv&se  csurses  was  to  raake^curriculum  materials 
^    developed  43y  .the  military  more  accessible  to  vocation&l 
educators  in  the  civilian  setting. 

• 

The  course  materials  v«re  acquired,  evaluated  by  project 
staff  and  practitioners  in  thq  f leldl  and  prepguned  for 
diSsonination.    Materials  which,  were  specific  to  the  ^iilitary 
were  deleted,  copyrighted  materials  wepe  either  onitted  or' appro 
val  for  their  use  was  obtained.    These  course  packages  contain 
curriculum  resource  ma'tericils  which  can  be  adapted  to  support 
vocational  instruction  and  curriculum  development. 
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EiqMffiJuty  1,1978^^ 


Courts  OMcriptton  "  .     •  *  * 

I^X.r.n,  .ubr.c;^?v.t.m  «tv«:..^  and  ^r;  cooUn«  .y««m.  servcnfl;  oo^r  train  r^ir,  front  Id  .«.r.n,  'V"*"  "dtur^m^^^^^ 
brafce  sv«.m  adjustment  and  repair;  vwrn.ng  and  light.n,  .v.t*m  repa.r:  nydrau»,c  control  r««r:  a.r  con*t.on,«fl  ,v.t«n, 

^^ra..on  of  yhicl..  for  cUmatic  condit.ons  apd  *ioman,.  Th.  two  biock.  of  in,truc.,o.->  pr«.nt«l  ,n  th..  sect.on  cover  Dra.e,,  ,uspen..on.  and 
comprefsion  iqnition^gtnw  and  autonr^otivt  «r  conditionino,  s 

atocK  ^  ara*«f  snd  Suspension. cOfMaim  fgrn  ltiK>nf  covtring  94  hours  of  initruction,  Tht  ittM>n  top.cs  ^nd  hours  toMo*.:  . 

Hydraulic  Brakes  and  Vacuum  Brake  aaoittft  (8  houri> 
'^HydraaUcBraHtSvstam  Safvicirtfl(t6hour»)  -  ^ 

A*r  and  AirOvtr  Hydraulic  Br^ktSvttwna  <  15  hounj  ^     '  ' 

Conventional  and  PomrStttfirtflSyfttffw  (16  houffJ         ^  "  .        *^  '  ^ 

Frame  Alignment  and  Whttl  Balancing  (8  hogrs) 
Steering  Factors,  SprinQs,  and  Sh^ck  At»ort)efi  (8  nours) 
*     3«rv»ceAd|ustrnentofaeam*Type,  Front  Anle  Suspension  Svttemfl 8  hours)  J 

Service  jnd  Adjustment  of  Independent  Suspension  Systems  { 1 5  hours)  t "       '  ^ , 

Bicck  VI !      -       Compftw^n  ignition  Enginm  fid  4«romofiVt  Air  Conditioning  conti-n.  four  ...«>n,  c^ver-rg  45.5  hour,  of  .r«t,uct.on.  One 

additsonaHewon  ¥«•  deteted  because  It  discuM^  miltiary  techniAl  orders.  ^ 

Comprei»ion  Igniflon  Engine  Famitieriiatib'n,  Operation  and  Servicing  (19  hour*)  *  ♦  , 

P(inciples  of  fiefri^eralion  ond  Air  Conditioning  (6  hourt) 
Construction  and  Operation  of  Air  Conditioning  Comoonenti  (5  hoursi 

'  Inspfction.  Troublethooting,  Svacuatinq.  and  Cfiarging  Air  Conditioning  Svitemt  (16.5  hourt* 

Tni,  cou.«  co.ua.ns  ooth  .«acher  and  .tudent  m.^,n.m  Printed  instructor  metenau  ,nc.udeJ«*on  olans.  out.in.ng  teaching  st«,s  .nj  .  p.en  .f  .n.truct.on 
detailing  unit*  of  .p*:ruct.on,  criterion  obiect.'ves,  duratjn  of  lesions,  ^nd  support  matenais  needed. 

The  student  in,ter.,.s  -n  SUjcic  VI  convs't  of  two  nudy  Tuide.  containing  ob,.ctives.  te.t  and  revKK.  ''""j^*  ^J'^^^^ 

text  -eadings.  and  r^viev*  qjrttions. 

*^erarm...tar'vUnu*a.,  ..nd  commercaMy  prcd.,ced  te«»^r.  referenced,  but  not  provided.  Aud.ovisuais  suggested  for  u.^  with  th,  .nt.re  coir^  .rc.ude 
-U -rat^^nc'e^  Zlms  and  205  sides'  This  s«:tion  uu^  .r  con.unct.on  w.:h  the  previous  three  section,  orcv.de  a  comprehensive  cov^ray.  .  v.h.ci.^ 
•t.:^:orr^.nt^^^^^^     .e^r:-Sot ,  document. can  b.  u«Ki  ndividually  «  sub..nits.  rented.-,  o.  .nd.vidue.i«d  study,  and  the  .n,..e  course  c.n^b, 
used  ir  a  group  mstructionai  setting  or  |dapted  tor  individual  use.  ^ 
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Whee^.  Balancing  -  Programmed  Text                  •  ^  '       Page  349 
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V  Springs  and  Shock  Absorbers  -  Erogr'amDed  Text  Page  A22 
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^    1..    Hydraulic  BrakM  nd  Vacuutt  lr«k«  ioMC«r« 

« 

a.     Without  nfdr«nc«,  tdmtify  bMic 
Tacts  and  tanM  ralatad  to  tha  prlnclplM  of 
oparatloii.  fuoctlon,  and  ralaclonahip  of 
hydraulic  btaka  ayataw  and  vacuus  braka  booata 
co0ponaota  i^ltb  10%  accuracy. 


PLAM  OP  WSTRUCTIOH 


COUaSC  TITLE 

Ganarnl  Purpoaa  V^da  Bspaii 


-  Tart  1 


atOCIC  TiTLf 

BrnkM  and  Suapanalon 


UNlVr^f'^MlTauCTIOll  AND  CtlTCmOM  OajfCTlvCS 


Of  miTiucTiow  no.  3AB147330 


OUHATION 


Coluwa  1  ftafacanca 

T5 


fU^raaf  itATCIIALt  AND  CMOMCC 

SIS  tmtmtmacm 

IK  


-^ufiU-SG-Mi,  fy£«ullc  IrakM  md  Vmum  Irak*  tatftrnv 

|iy4raullc  Brik«  Sy*t««  • 
3Aia47330-SG-MU>  iyd  Prloclplw  and  rrln£ipUs  of.  Operation  of  Di\« 
^  and  D^c  ffff  irAas  ^ 
3ABlA7330-8G-«Oli,  Prlaciplao  of  Oparaclon  of  Vacuia  tooatar  i.raka 
SyatOM.  TnwbUahooClDt.  mi  Sarvtciat  Booatara 

Audio  Tiaual  Aida  ' 
Cbarta  -  Brdw  Sfataaa 

Fllat    TF  1-6132,  lydrattllc  Brafcas,  rxlodpUa  of  Oparatlon 
Trnaparancla* ,  Braka  STataaa 

Tralalaa  Eatti— aat 
Traiaara  t 

«l-2830,  Br^  ^hoo  Aaaairiily  C  ' 
.  60-2331,  Nastar  CyUadar  Aaaai^lyv  (10) 

M-2S2S.  Brdrovac  Asaaribly,  Third  Sarlaa  UO) 
BaBcfa  Itaaat  •     ,  .* 

Naatar  Cvltadar  (2) 

Ubaal  pyUa4ar  (2) 

Dlae  Braka  CaMoaaata  (2) 


OutalAa  ltmm*\ 


icmlM  (6  bra)  . 

(2 


laatructioaal  fcivli 
ClaaarooB  (6  hva) 


mtCV.OUt  CIMll«M»  OtttOCt.TC. 


0«n     2  Jamfry  19  7S 

—      •  * 

(PiaalC«py.B4)(.iIM*U 


atoc«  mS,  VI 


aAGf  no.  37 


II^M  P>^f«fct  M  l««fd>^  ^  i 


* 


4 


PLAN  6r  IHSTMlCnON  (CMHim«4 


UHtlS  or  tMlTRUCIION  AND  CIIITCWKM  OftJf  CUVCS 


Hydraulic  Br«k«  Syacea  Servicing 


,     a,     Ci wo  c«di«lcal  orders,  v«hlcUa» 
baach  ltaM«  tooUi  and  aqulpMnt  ^^practlca' 
autoaotiva  paraonMl  and  aqulpMDt  shop  aafatV; 
Mpair  ur  aaryica  braka  ayataaML^d  covpouanta 
lAW  cha  cachalcai  ordar* 

b*     provldad  with  tachnical  ordara.  ,^ 
vahiclaa*  coola,  md  aqufpm^t»  ualng  auto- 
■otlva  paraonMt  Md  aquipMiit*  ahop  aafaty,  • 
uaa  vtaualp  auditory,  and  operatiooal  aaana 
CO  chack  brilia  ayottma  lAW  tachnlcal  publica- 
ciooa. 


OUaATIOH 


16 
(12/4) 
bay  41.48 


(4) 


(«) 


Of  atftTauctw  no:  1abU7330 


suF^oat  aATCttiAtt  AMO  cun>AHCf^ 


Inatnictiowal  Ctiidapta 

DiaeiMo  tatety,  prlaclplaa  of  hydraulico»  and  o^araclag  prittdplaa  of 
brakaa  and  braka  booatara,.    Haa  aiudy  guldo,  PT,  and  nacaaaary  i^viawa 
to  Mcoa^ish  trAliiiAi  objactlvaa,    Stroaa  ana rgy  and  aatarlal 
coiiaanratlott.  ^ 


Col 


1  lafaranca 


2a 

2b 


STS  Rafaranca 
3>  4d,  9.  18b 
3t  4d»  18c 


Inatructloo^l'Matarlala 

1ABR4713D-8C-M2^  lydraullc  Braka  Syataw  Sarvtclnt 

TQ  aiAa  a  t  f 

TO  3«A2*VU-2-l  -  . 

TO  36A2-  4-17-2 

3ABK47)»-8C-«02A,  Sarvtclttt  of  Hydraulic  iraka  Syat 

Audio  Vlaual  Aidi  '  ^ 

Trttftdfaraociaa ,  Braka  Syatava^ 


)hchiBlc'»  rn^wi  MaadtooU  (1) 
SmcUI  Tool*  (1) 

VchiclM  (2) 

Brak«  Drw  LaU*  (&0) 

■rA«  lottli^  Mvlfpnt  (S) 


Tr 


ttaiiM  (4  hf} 
OuulA  tmrnimmM  <4  lin) 


OATf 


2  Jwu#ff  1915 


^M^icMif  iOttiMt  oaaoLtrt. 
•  i#.a  apo  itM-frt4««/t«f 


dfiaaiCapy  k-tkMHlj 


ST' 


 \^  :  

fLAN  OF  IHSTtUCTION  (CmIimWI 


UNITS  OF  tM&TftuCTiOH  AnO  CMTf  iAw  MiCCTlVf  l 


T 


3:>    Air  Aod'Air-Ovtr  Hy4r«ullc  trak«  SystsM 


I  ^  Virhout  r«f«irtrc««»  i|l«ttCf fjr  basic 
f^ct»  tod  c«nMi  r«l«t«d  tOvtbs  prlnclpl«1i  of 
operation,  fimctloo,  aod  Mlatiooablp  air 
brahit  ayataa  coi^OMflca  wiUi^TDt  accuracy. 

*  ,     >  , 

«»,      Provldad  vlth  taclinlcal  ordara,  ' 
v«h4Claa»irbaoch  J^wa*  toola,  aad  aquip«Aiit» 
ao.  applying  autoaotlva  paraooatl  ^d'aqulp^at 
abop  aafaty,  rtpalr  or  aarrlca  air  Vraka 
ayataaa  ud  covponanta  lAll  tadbalcal  publlca- 
Clooa . 

c.     Supplied  vltb  tadialcal  ordara. 
whlclaa,  taola»  and  aqulpMiit,  and  obaarvlag 
autoMtlm  paraoon^l  "and  aqulp^^ot  abop  aafaty* 
iiaa  vlaval,  auditory*  aod  oparatioaal  aaana  to 
check  tha  air  braka  ayataai  lAH  tha  tadbalcal  ^ 
ordoT*  * 


^tAN  of-MSTmiCTtON  NO.  3ABE47330. 


ouaAiiON 


InatriictlooAl  Guidanca 

Dl«cufi«  ••fsty,  prlttcAplM  of  by4T«ttllc*»  and  opcratint  prlfaciplaa  of 
brakaa  mA  braka  booacara..    Aaaign  aach  icudcnc  a  projadt  froa  tha 
workbook  and  auparvlaa  doaaly,  pointlnt  out  and  corractLof^arrora  aa 
cha  apot.    lotata  atudaata  ao  aach  atudant  .c<M|ilacaa  all  projacca.  ^ 


15 
(llM) 
Day  49,50 


(6) 


(3) 


C2) 


1 


Col 


1  Rafaraaca 


3a 

3b 
3c 


STS  Htffaranca 

TK  

3.  9,  1» 
3,  18c 


Inatructtooal  Mater iala 

3ABM7330-flG-«O3»  Air  and  Alr-Ovtr  Hydraulic  traka  Syati 
3ABIA7330-tn-«Q3,  Air  and  Alr-^Ovar  Hydraulic  Brafc^yatcaa  y 

TO  36A2-2-1-122,  1»C  Truct  ^  N 

Audio  f  Uual  Alda  . 

Traiapartoclaa »  Air  and  Alr-0\^r  Uydraullc  Brakaa 
Charta  -  Air  Irafcaa  and  Alr-Ovar  Hydraulic  Braka  Syataaa 

)  * 

TralnlDt  Bqulpaant 
Tralaara: 

63-2996.  Iraka  AaMakly^(lO) 

60-2526.  A4r  Covamor  Aaaa^ly  (10)  V 
.  Hadiaaie'a  Comoo  Handcoola  (1)  . 
^  Spaclal  Tool«'(l) 

^Vahlclaa  (2)     '  \  i 

Baach  Itawt 

Air  Ir^  Syacas  •Conponanta  (1) 
Alr-0««r  lydraullc  Syataa  Coapooanta  (1) 


1  t 


TrsisiaiJB^iisdft 

Dlaeifsaio 


tratlon  (9  hm) 
(4  lira>  , 


0atal4a 


loatnictlonal  Invlronwaut/Paalgo 
tUMMXvm^Kh  hrs);    ;  T  * 

Uborsbory  (2  hck)  .f^ 


CATC 


2  Jaawry  1975 


aLOCK  NO, 


\ 


^«Ct  NO.  ]9 


•a  ^ 


ATC  337A 


1   '  • 


pucvtout  ao«f  tom  aaftotc^t. 


((final  C«py  -IdSTt  X  Hlh) 


13 


 ....i  — .... 


r 


■A 


\ 


PLAN  OF  IMSTItUCTI0N*tC»fittMf4  ^  ^ 


UNITS  Of  iNStDuCTlMl  AND  CHITCfiiOH  OftJCCtf^CS 


r 


tteasufeMiit  T£at  and  T«8t  Critique  J 

otlon^  and  Pwer  S  tee  ring  ISyatcas 
'  '  y  . 

'tt.    ^Vt^tiovit  r«£«r«acMt  Idcntl^fy  basic 
faces  ai^d  tana  relatlva  to  Cha  princlplaa  of 
oparatioo,  Tuoptlon»  and  *'r«I«tionsl^ip  of 
a tearing  ayataa  coaponanta^vlch  70Z  accuracy, 

b .  .    Provided  with  veh^lea ,  too  la «  and 
aquipMnt,  bench  iteaai»  technical  orders  and 
applying  autoMtive  peraonne]^and  aqulpaaat 
ahop  aafetyp  repair  or  aervlcf  steering  aypteriii 
and  coipon€H(a  lAW  the  tec^ioel  publications* 

c.  Supplied  with  toola.  and  equisHint.  ' 
i^iclea*  technical  orde^a^  and  obaerAngii^* 
eiitoMtiva  personnel, and  equiptaant  ahm 
safety »  use  vlaualp^  auditory »  ao4^  operdciooel 
Mans  to  chack^steerlAg  aye  teas  UW^technlcal 
publications.  ^  V 


1 


OF  MST  RUCT  M>t>MI.  3AM/A330 


oOration 


16 
U12/4) 
D«y  51.52 


(3) 


(3)  . 


SU^MT  MATCmALi  AMO  CUIOAMCC 


^Inffttfc^dnml  Guidence 

Discjpr  aafety  In  regard  to  hi|^  preaaure  fluid  a^d  air».  and  j^^lnclplea 
of  opii^tion*    Dtvmistrate  operetite  of  air  brakea  \uiing,  trainer* 
iUslgn  each  atudent  a  projefet  f  rov  ^e  workbook  and^aupefviae 
cloaely»,  pointing  out  end' corrsj&ti^ig  errors  on  the  epot.  Eotate 
atudenta  ao  ea^^  c<iapletibs  all  of  *  th^  projecta.*  ^ 


Coluan  1  iieference- 

n — :  

4c  ^ 


STC  Reference 
Ifa 


3,  9,  19b*/ 
19c  " 


^  ^etructlonsl  Materials  a 
3ABt47330-SG*6O4«  Power  Steering  Syete«  Units 
3ABM7330-fa*M4p  Power  Steering  SyetSA  tbits  ^ 

3Ull47330-FT*6<)r4»  Conventional  Stecrlni  Ceara  ^ 
3AM47|30-8G-6O4A»  Prlnctplea  of  Operation  ai^  Servicing  of 

Steering  Covpotfenta  %  .  . 

3ABf47330-SC-604B»  Troubleehoqtlng  aqd  Hainteriance  of  Power 

Conponente 

*  .  .  ^ 

aAudlo  Vtauel  Aide  ^^  ^, 

Charta  -  Steering  Syatena 

Treiniae  Iquipiynt 
Trainers  I  * 


Power 
Steering 


59-2451,  StMtlat  Ccat  AaaMbly  flO) 


S9-2433,  SfeWrliit  Ou**  ^  ^  <^> 
6)-2HS.  ^Ri•r  StMrliii  itaM^y  i(10>  . 

N«cha*ic*«  CaWBB  liMkltoeU  (1) 
Sp«cU|  Tool*  (1)   '  . 
fAielM  (1)  , 
Much  Itaax  ^Stterln^  Gear  Aaa«ably 


DATE    2  Jtmiary  1975 


1 


iLOCV  MO.  ^ 


— 

  •  

*  —  .-~ 
ERIC   .  ^ 


eaawUDuA  eoif  iOMi»oeiOLaTC. 
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PLAN  OF  INSTRUCTION  (C*iiiiA«i«A 


UNITS  Of  IMSTftU^TiON  anO  CWTt^tOM  Ol^tCTtvtS 


Fr«M  AllgnMnt  and  Uhttel  Balnda^ 


a.  Without  rsfttrcncctf  Identify  b'wic 
facts  and  taraa  ralatlva  to  tha  prlncipleo  of 
oparatlon.  fuaction,  and  ralatlonahip  of  ' 
fraM  aligmaot  cowponanta  aod  wheal  balaociii| 
with  70Z  accuracy,  f 

b.  'Frovldad  vl^h  tachnfcal  ordara»  toola« 
^d  taat  aqulpMnc*  vabldaa  »'«4ad  practlcittg 
AAtottoilv*  paraocuibl  and  aqulpaaiit  ahop  aafaty^ 
uaa  Vlaual»  auditory »  operational  aeaiia^  and  * 


/teat  aquipMiit  to  check  fraae^i 


at  and 


W  / 


whael  balance  lAH  tecH^lcal  piiblicaciooa  * 


PLAN  OF  tNSTRucTiOi  HO.  3Ait47330 


Doft^TIOli  \, 
^  fHOUHS)  ^ 


8 

(6/2) 
Day  S3 


UiPPOtT  NAUHIALS  AHOCrUfOAHCC 


Treinint  Jletboda 

Die  cue  ei<m/ttiiwiaw  t  gat  loo  (6  bra) 


FerforMOce  (6  h're) 
Outaide  Aoeig^ot  (4  hra) 


^^^t/Dea^y^' 


laetructtooal  Enyirc 
cliwaroon  (i  kre) 
LabVacory  (6  hra)  ^  ^ 

'Ihatnictiooal  ^biidnnce 

Dlacuaa  conatnactlonal  faatu^M.  ud  princlplaa  of  operation*  of  t)ie 
different  type  ater^lng  gMva  and  power  ateariot  Vyataaw.  ^Aaalgn 
atudenta  to  a  projt.^';  fronr  the  vorbbook  and  aiapervlaa  cloecly  nblU 
they  remove,  dlaaeeeiiftla^  inspect ,  repair  as  required,  reaesaeblap 
adjust »  and  check  eteerlag  |sar  aeaeabliae*    Uee  PT  for  outside 
aaelpiHsnt  * 


Coluno  1  Beference 

n  ~  

Sb 


STS  tirterence 
3,  9,  20c^ 


InetructioBal  Materiale 
^3AlM73a0-SG-6OS,  PtaM  AlitMOt  and  Wheel  Balancing 
3ABB473J0*rT^S,  PraM  mgMsant 
3ABB473»-PT-Mi4»  Wb««l  i«lancing 

^  • 

Audio  VUttgl  Aide 

Tteoapare^ciee  j  PtMs  Allgmnt  and  Wheal  Balancing 
Pile:    TV  77-44^^  Wfieel  Balancing 

'  ibclMaic's  ObMM  l«adCeeU  (1)  ' 
Special  Tools  (1) 
fahlclM  (2) 

UhMl  Balaacar  (2)  *"  ** 


DATf 


2  Jsnusry  1975 


6l»cM— ion/aMi9Ba  tr«t  low  (3  br«) 

I  IL^C  l«0. 


VI 


ATC  JJ7A 


»acviout  COITIONS  oesocetc. 


ft)  ' 


m*^  c«f  f  -  IIS  - 1 X  ioH> 


r 


T 


PLAN  or  iHSTRUCTIOM  (CMfiiM*4 


UNtTt  or  IKtmUCTtOM  MtO  CmTCmOM  0«iCC1IVt$ 

f 


Sc««rlQg  F«ctor«0  Sprliig»»  and  Shock 


«.     Without  r«for«ncM«  identify  basic 
CACta  and  cam  ralativa  to  tha  ptiadplaa  ot 
oparadoo^  function,  and  valationahlp  of 
acaarlng  factora,  aprlnaa,  and  ahock  abaorbera 
with  70Z  accuracy.  ^ 

b.  Glvan  technical  ordara,  toola.  and 
aqulpaant,  whlclaai  and  obaanrlag  autoaotiva 
paraonnal  and  a^uipnant  altop  aaf«cy»  '/apair  or 
adjust  ataarlng  faetorag  aprittgat  md  ahock 
akaoftara  UH.  th«  taehnlcnl  ptibUcatlOM« 

c.  Sup^llad  vlth  toola  and  aqulpMn^% 
wahielaa.  taa^^pal  nrdara,  and  applying 
atttoaotlira  pnvaoaMl  and  aqulpnaat  ^np  nafaty* 
uaa  ¥lau#i9  pptrgt^^nnl  naaM»  and  taat  aqulp^ 
■int  %Q  diack  ftaarlng  fnctorat  nprlnga^  and 
ihock  Aaotbpra  lAH  tadinlcal  pid»lleationa. 


OUaATlON 

.  (HOUtS) 


8 

(6/2) 
Day  S4 

1 


SUl>POIIT  MATf  tIAtI  AMD  CUIOANCC 


Parfomanca  (3  hraX 
Outalda  Aaal(nnant  (2  hra) 


Inn  true  tlonal  Inylronnant/Dealpi 
Clnaaroon  (3  hra) 
I#abori        (3  hra) 


ikanca 
mV  and 


Inntructipnal  CulL 

Dlnciaaa  tha  purpoaV  and  procadura  for  frw  nlignnaQt  and  wheal 
balancing.    fiaMna t rata ^ uaa  of  vbaal  balancera  and  point  out  all 
•afaty  facti^ra*'  Aaaign  ttudanta  projacta  fron  the  workbook  )uid 
suparvlae  doaaly  Co  anaure  the  uae  of  proper  procedurea  and  safety 
prnctlcae.    Rotate  the  atudenta  ao  each  atudent  perform  all  projects. 
Point  Out  knd  correcft  errora  on'the  spot*    Use  PT  for  outside  aaaign- 
nant. 


Col 

6b 

6c 


1  Bnfarenca 


STS  Hafaranca 

3.  9,  20b 
3,  20c 


Inn  t  ruct  ional  Hate  r lala 

3ABM7330-SC-606,  Steering  Fectore,  Sptrloga  «i4  Shock  AhAprbara 
3MM7330-Pr-«O«,  Su«ri«g  Paccora  \ 
34Blt4739D-rT-6064,  Sprint*  aad  Shock  AbaoVbara 

Tfiglna  Iguipwant 

60-  2531,  llh««l  AllfBMnc.  Il«ld  Asia  (10) 

61-  2431  •  fCMTtac  GMMtry  CM) 

,    «l-2«n,  lai  Joist  SwpMtM  (ID) 

Vt-UiOa,  Ca>t«r.  Cmkmt^  Too  (10) 
Fortdblo  WmoI  AVigmt  fyitpiiit  (2) 

TroiatM  Ifcthodo 
Wocyloo/DMiooatrofloo  (4  hra) 
torfomoBoo  (2  bto) 
0ucoA4o  AMignMot  (2  b«t) 


fLMiOf  MItTMCTIOM.MO.  3AIR47330 


2  JttMMiy  If  75 


IttOC^I 


¥1 


PtM  MO. 


42 


ERIC 


IAS  ft.  *^ 


4 


^SSwIOUi  tpftiOMi  oeiOLftTt. 


4Fie^Cify 


PLAN  OF  INSTiUCTIOM  (C#*tiM«4. 


UWf  ft  Of  miTllUCTKHl^O  CWTf  fftON  MJtCTiVf  f 


7.     S«rvlc«  and  AdJuatMot  of  B««i-Typ«,  Froot 
Su«p#mlQti  SjftCM 

a.     Without  rofor«DC«i»  idootify  bMic 
facta  aad  tacM  ralatad  to  priociplaa  of 
opar^tlott»  ftmctioo^  and  nlatloiiahlp  of 
baaa  tfpa  front  asla  auapaaaloo  ayatae 
«oapQMACa  vltb  70X  accuracy* 

Provldad  with  vahlcli^  tools,  and 
a^pMOt,  tadlQlcal  pvAllcationat 
obaanrlo^  autOMtlve  paraoonal  aod  a^ulpMnt 
ahop  aafaty,  adjuat  and  aarvlca  baa»*typ« 
front  axla  auapanalon  ayatana  UM  ttia 
tacbnical  otdar. 

*  # 
c*     Suppllad  vltb  tachnlcal  ordara* 

vablclni,  taola,  and  aquipnant*  and  practicing 

autoaotlvn  paraonnal  and  a^uipnant  ahop  aafaty» 

una  iriaunl*  opkrntiannl  mann  and  tant  n^nip- 

^ant  to  diaai  baa^rtypt  front  anln  auapnnaion 

nyatana  lAlf  tai^nical  publitatiooa. 


PLM  Of  iNSTautTtON  HO.  3ABI47330 


^  (HOuat) 


Inatruc>ionnl  li^tr 
aaaavoo.  (i  knT 
laboratory  (2  hra) 


nt/Daaian 


D«T  SS 


UseM*  pMfyMs,  coMtnietloMl  fMCuraa,  md  ofaracing.  priadplM  of 
■hodi  AMtbani  an^  atrinia  aad  ataarlns  factora  la  ralatlon  to  wliaai 
allf^ac.  Aaal^  atudant^.  la  paira  m»4  oMparvtaa  cloa^lf  whlla  th«y 
rarfora  a  fraalllpMaac  laaMctlaa  and  aaivica  ahock  Aaoifcara.  folot 
out  and  eonract  arror*  on  Chavapet.    Uaa  IT  for  outalda  aaatpMMBt^ 


Colli  1  lafaraaca 

J- 

7b 

7c      ,  . 


STB  tafaraaca 
l6a 

3.  *d.  9,  20b 
3,  4d,  9.  20c 


logtfwctlooal  Matariala  ^' 
3UI47330'SGt«O7«  farvlca  a*od  Adjuataaat  of  Saa*  Tfpa  Proat  Asia 

iwpuloe  if  urn 
3Alft47330-PT-«07A,  Scuff  Taatar  md  rortalioar 
TO  36A2-3-4-2^-l,  1965  Ford  Truck  Shop  NmuoI 
TO  3«A2-3-«-2 


Portallaar 


TraiMfst 

^1-2431,  StaarUi 


»try,(lO) 
ift-aSM,  Nhwi  AilfMaC  (10) 
»iH^ita*j  Cmm  laadtbola  (1) 
SpMUi  T«ol«  (1) 
NUalw  (t) 
Floor 'Jartka  (2) 
^Jacfc  ^aiada  (2) 

rortabiia  UkMl  AUvwpac  i^ulp^aat  (2) 
Scuff  TMMr  (2) 


D«TC 


2  Jaauaiy  1975 


•LOCK  NO. 


VI 


rA6f  MO- 
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ERIC 


ATC  '337i. 


Fatviout  KOitioNf  oatotrrt. 


2'' 


ifimd  C«rr  •  141  -  •  X  UK) 


'5} 


PLAN  or  IMSTNUCnON  (CM«iM»«4 


UfUn  Of  IMftf  iUCTlOU  AhO  CttTi«lON  OftiCCflVf  » 


8«rvlc«  and  AdJuataBat  of  tndapaadaaC 
Suapaaaioa  Syataa 


a.     Wlfc^oitc  rafaraacaa*  idaoclfy  baaic 
facta  aad  Carw  ralacad  to  prlaclplaa  ot 
oparatlon,  fiaietloa,  and  ralationahlp  of 
lodapaadanf  ayapanaioo  ofocaa  cb^ooaata 

wltlh  70S  accuracy. 

k.     Svpyllad  vltb  vahlclaa.  tachalcal 
ordara.  coala,  aM  a^paaoc,  aad  obaanrtat 
autoaotlvw  paraoanal  and  afulpMnc  ahop  aaratj, 
ad|wrt  aa«  awfle*  l«4apMdmt  auapanki^ 
mf9ttm  UV  CMteical  pwMtcacloaa. 


c.     »f¥idad  with  vakialaay^taoU,  mi. 
•Viip#Mt^»  tMlMieal  pabUeacloaa,  pn4  avytylat 
aut««itl««  pataoMMl  aad  M>it»MttC  akop  aafacy, 
MM  viaiial.  a9«v^l«Ml  mmm  «4  taat  a«iiip- 
Mt  ta  cbMk  ladppaadmt  tuapaaaloa  ayacaaa 
UH  tiM  ta^dwical  ordar. 


OURATIOM 
^  (NOUM) 


15 
(UM) 
Day  56,37 


(4) 


(4) 


Klf^OAt  MAtCIIIAlt  AMO  ftMOANtf 


Traiainy 
DUcaaaloa/mMiiBtratloo  (2  hra) 
FarfonMBC^  (4Iub) 
Outalda  Aaaiywaat  (2  hra) 


iot/Daatgn 


laatrocCloaal  tevtrc 
Claaaroov  (flifSl 

Laboratory  (4  hre)  ^ 
laatmctK— 1  Cuidaoca 

Diacuaa  ceaatzuctlooal  faaturaa,  ralatiooaliip  of  coapeoaota  aad  aarvloa 


precaduraa.    Dtaciwa  aafaty  and  dawtaatrata  uaa  of  oacaaaary  wquipaaat, 
Aaal^  atiidanCa  la  palira  and  suparvlaa  thaa  cloaaly  tdilla  thay  follow 
tha  tank  llat  and  parfors  all  tha  atapn  oacaaaary  to  acco^llah  tha 
aarvlea  «nd  adjuatanat  of  baaa-typa  auapaao-loo  ayataaa.    Folat  out  aad 
cornet  arrora  'a«  tba  apot.    Uaa  FT  for  outalda  ^mit^ut. 


Ccrlt 


•c 


1  Bafatanca 


8t8  lafaraoca 

24a   

3.  4d.  9,  Wb 
3.  4d,  20c 


laatmcttanal  Matarlaln 

]A>M7130-«G-iOB,  Sarflca  and  A4JuatMat  tif,  Indapaadaat  Suapaaaioa  Syataa 

10  3U2-3-14-2^i 
TO  3»A2-^17-2 

todio  f tawal  Atda  - 

traaaparaaciaa,  Indapandant  Suapanalon  Syttaa 


•l-2«7t,  lali  iM>  SvnpMaloM  (10) 

«1.24tt,  ttawlat  GaoMtvy  (10) 

VB-IOQI,  GatCM,  Ca*««  AdJuatMst  Slwlatoc  (5) 

«ft-UD2,  C«C«r,  C^ar  Toe  AJlJuataaat  Slwlator  (S) 


ERIC 


0^  #V 


JO 


PLAN  OP  INSTRUCTION  (CMtifkt»«4 


9.      HtMurtMQt  TMt  aad  Tmc  Crlctqlbf 


PIMOP  tNlTBUCTlON-Ha 


3ABR47330 


S^Ul  TooU.(l) 
VdbiclM  (2) 

Jack  SCMd  (2) 
Portiblf  ill^MBnt  l^ulj 


It  (2) 


TraUlM  Ma, 


MMhods 


itratiM  (4  hn) 
P«r(otMBc«  (7  hrs) 
Out«i4«  AsslpM^c  (4  hn)  * 

ClMtroM  C4  l»r»r  - 


LAoritofy  (7  hn) 

DUeiwt  eoaiCiwcttOMl  fsativM,  raUcloulkip  of  cd^oMiiM,  r«p«lr, 
nUmt^lf,  maA  ••l«ty  jHsocl«t»4  vldi  the- 'Mlnttaaiic*  lovoli*i,  «r4  V 
4«aoMC|^«c«  us«  of  •4<iipw«t.   Aofipi  atudoiiCs  la  pain  md  aiiporvlaa 
thtm  cloaair  whlla  ehaf  follow  Kho  tatk  liac  and  parfon  all  atopci 
aaeaoaary  to  ace<«pllali  tlia  ao'nrlca  aad  adjuataabt  of  auapaMloo  tfKaM. 


OATt 


'  2 


•iOCK  NO* 


n 


PAO$  MO.  ,  ^ 


f 


ATC  ,|4^n  IWA 


er|c 


21  • 


M9VIOUI  iOlTliMli  OMOtff*!, 


i(Fia«l  Caty  -  •«!  .  •  X  MTil 


f 

• 

• 

PLAM  OF  IMSTRUCTION 

-.  .       ^                         ■                '     .  ■  - 

-  COMIC  fittf  ^  ' 

^    Ganaral  Purpoa«  Vahld*  Kapalraati  *  Part  1    '  ^ 

« 

• 

S 

'•LO<;«  T.Tte                                                                                           .  * 

Co^r«MlM  lipUlM  liitioM,,w4  ^AtiCoMoCiytt  Air  Condlti'oiilnt 

* 

•m      '  • — :  ; — 

UNITS  Of  iNiniucTK^N  mo  zmnmon  oftiCCTives! 

ogaAVion 
VHOuasi 

i 

V 

* 

t 

a*     Ulthout  raf^raticttat  identify  bMic 
facto  and  taras  coAcarniog  cha*acopa^and 
appMi»a»&vB       ma  a&k  wrca  caamxcai  omar 
•yatav.    lif^ity  parcaat  of  tha  facta  wumt  ba 
Idaotlflad  corractly.  ^ 

D*      «        Owl  a  x«.aL  os  F*a«ai. v*^  - p xaHi 
and  a;  atudaot  tadkolcml  ordar  Indax  flla« 
locita  apadflc  laforaatioo^  vith  inacructor 
aaalataooa  m  thm  h^rdaat  p*rta,  to  lOOfZ 
accuracy: 

D«T  5S 

• 

 r        ^       -     .  — —  — 

voiim  1  aacaraaca        919  aafarvttca 

Ui  4b 

uacnictxonAA  nacarxAxa 
3tt»l733l>-5G-701,  Tachaical  Ord«n 
lAll473aO-PT-]03,  Tadwlcal  Often 
10  0-14)1.  Hiiwrlcal  laJn  ami  Tibl* 

TO  0-1^)2,  Staodard  aod  SpacUl  Toola 
'  TO  0-1-33-3,  Amailiac  a^d  AntOMClw  TaA  IquipMat 
TO  0-1-34,         Nachioavy  «ad  Aaaociatad  IqatpMat 
TO  0-1" 36,  V^lcloip  GooatnactloQ,  Natarlal  landling,  aod  Co^ooaois 
TO  0-1*30  p  llo»*Aaro«i«tttlcai  logl«aa 

# 

• 

V 

t 

•  * 

✓ 

Trainug  ■acnoaa 
Balf-lna  Cruet  loo  (1  hr) 
NrfonMCO  (2  bra) 

loatructiooal  biirtroMiuiiYOMl|p 
ClaaorooB  (1  hr) 
Uboratory  (2  hro) 

* 

-* 

•  * 

lof^fuctloool  Ouldooea 

Acco^Uah  iMtritcyfciott  by  aaplalolog  pnrpoaa*  aan^ariog  ayataB»  flllog 
procsduro,  aad  propar  tea  of  cad»lcal  ovdar  ayatM*    Aaalca  aawli 
atudMt  opodflc  iofofwttav  w  k«  locatM  to  ^  tadnacsl  n4n  ttm 
Available  fila.  -Mattltor  ottidaot  pMtfMo/  Straaa  raargy  attd  satori^l 
coDa«nratlon«  \ 

V 

2*     CoHpraaalo^i^Biition  Iii$liia  raalllaria#^ 
tiQA»  OparaCiM^  and  SaWicing 

•  * 

19 
(15/4) 

M 

ColiM  1  laf«raaca        STS  lafarMca 
la  2I0 

2b                               21a^  ^ 
2c                               Tr*d,  21b 

1 

.       ..  1 

RLAM  OF  iNiTaucTiON  f«a  3AM47330 
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PLAN  OF  IMSTRUCTION  (C««fiiH»«4 


UNITS  OF  IMSTMCTIOM  AND  CWTtlllON  OtJCCTlVCS 


%.      Without  raf«r«OfM»  ldooti£y  basic 
jfact*  moA  tmxwm  p^rta^nlsg  to  principle  * 
of  opor«tiott»  fiioctio^»  aad  rolatloo^hlp.of 
coaprooaioii  IgDltioo  Mglu  ayot*M  and  '  • 
co^oMots  with  70Z  accuracy. 

b.  Without  iffer«DCM»  identify  bwic 
facto  oi^  tana  rolatad  to  tha  oparatiog 
principlM  and  fuDctlon  of  coopraaaioa 
igpitlon  angina  fuol  ayatan  conponanta 

with  70X  accuracy.  / 

c.  Supplied  with  tooli  and  aquipMnt, 
tachnical  ordara»  ooglnt  troinara,  and  obaerv* 
Ing  autoMotlva  paraoonal  and  aqulpMst  ahop 
^A^^typ  inapactf  troidilaahoot »  and  aarvlct 
coi^raaaion  tcnitlon  angina  a^tew  lAtf 
tachnical  pub  Heat  loon  • 


J 


OUffATION 

.  (HOURS) 


(3) 


(8) 


••LAM  0«  MCf  RUCtlCN  NO.  lAI|t47^30 


SU^^OUT  MATERIAL*  AMD  CUiOANCE 


3AIM7330-SG-7D2,  C<»|>rMSloo  IgnlClcm  tagloc  PMllUrlsatloa.  0|>tr«clon. 
and  aorrlclng 

CoiVrM«loo  XviltloB  BptlM  r«^lUrix.cloo,  Operation. 

•>  and  ff«rviclag  .  * 

3A1IA73X-SG-702A.  C<»pT«aaloo  Ipiltloa  Iptln*  F,«aitarisaclo*» 

OparaUon,  aad  Sarviclog  (Ftial  Sjataa  and  Tuna-Dp) 
JAB«4735-Ha-702A,  Multlfual  CngliM  rMlllarlzaClan  and  Sarvlclna 

,TO  38C1-16-121,  Nalntaaaaca  NaDual,  tn-Llna*7i  Englna  Co^to^aoCa 

Audio  Viaiial  Alda  *  * 

Chart!  -  blaaal  Bngloaa 

PIIm:  -  . 

FLC  l-28Ha,  ABC  of  Olaaal 
Tr9T3469,  Ifaltlfual  Bnglaaa 

Tralnara  t  v 
'  67-2941,  lajactor  Dlaaal  FUal  Kit  (2) 
68-4038,  iDglof  Multlfual  (S) 
.62-7945,  mgliM  671  Olaaal  (S)  . 
Nachaalc'a  Pi— i,iu  Bandtoola  (1) 
Spaci»l  Toola  (1) 

Baadi  ftOMt       '  '  ^  ' 

^1  lajactor  (1) 
Ibal  Trafcfar  jpu^v  (10) 

Hydraulic  GowoWor  (10)  '  • 

Rial  Injaetor  fu^  (10)  "    '  ' 


PMicMiaiaB/TtmBiia tratiow  (11  hra)  . 
VarfocMBca  (4  hra) 
Oiita^  AMlgnaat  (4  lira) 


:/Daaiyi 


LdioratoTy  (4  br|) 


OAff 


2  January  197S 


I 


atOCKNO. 


VII 
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A'  )aVt. 

..ERIC  . 


^   •       arc»>  i»ri-9r»'4*>/tit 


4FlMiCR^    '  f-8XMN^ 


PL  AH  OF  INSTRiiCTIOM  (CMtt«it4 


UNITS  Of  MtTftuCTtOM  AMD  CtlTf  mOH  OtiCCTIvet 


3.      PriQclplM  of  RftfrlfitratloQ  ooii  Air 
CMdltlooing 

««     Without  r«for«oc««g  ' idonti^y  bMic 
facts  «n4  tons  pettaiaing  to  tho  prlncipltts 
of  oporatioo,  fiACtion,  «od  rolatloMhlp  of 
air  coodltlQOlns  ^fateaa  aod  coiyoaoiitt  with 
70Z  accuracy. 


4«     Cooatructloo  and  Operation  of  Air 
Condi  tloalag  GOivoMttta 


.  ^  a.     Prdvldad  with  toola  aod  aqulpBantg  ^ 
cqaaarclal  Manual «  bMidi  lt«w»  and  pfactlcing* 
autottptlva  paraoDMl  aad  •qulpmot  ahop  aafaty, 
vapair  or  aarviea  air  aMiitioaiiig  ayataa 

nninri  T4M  tgrfinlril  gijijlritlngg.  


PLAH  0^  MSTHUCTION  HO. 


3Aii47330 


DURAIION 

^  (HOuast 


6 

Day  61 


aatmctlonal  Otiidanca 
^  Dlfcupa  covpraaaloB  Igoltloii  angloa  oporiiclag  prlnclplaa,  fuactlOB^'oad 
ralatlooahlp  of  co^pooaota  of  tha  two  aod  four  cycla  dlaaal  aogloag. 
Oiacuaa  tmfaty  aod  aathoda  of  troubladhootlag  and  ^anriclag.  Aaalgn 
atudaota  to  poglDoa  aod  auparvlaa  thaii  doaaly  iibil*  tbay  oparata, 
aarvlca,  liiapact^  taatg  troublaahoot  fiial  ayataa  and  Injactor  liikaga 
of  co^raaaloD  Ipiitioa  aagiaa.    Foiat  out  aod  corract  arrora  oo  tha 
apoA  fx 

Colipp  1  tofTMM        SyS  taf«r«nc« 

3«  22a 

f   " 

iMtructlwuil  M«t«rl«l> 

3ABB47330'-%G-703,''r^llielpl«a  of  RaCrlsaration  aad  kXx  CoadltlooiDg 


5 

Day  62 


^    SUPfORI  MATCMl^L^  AND  CUlOANCf 


Audio  Via 


Alda 


Oiarta     tefriftratlon  Syataaa  ^ 

Plla:    TP  SS36A.  tafrlgaratlOD.Frlncflplaa 

TralnlM  Hathoda 

JUacuagion/Ptwooatratloo  (6  br«) 

Inatnictlopal  laylrottMaDt/Daaiyi 
Cla«arooai  (6  hra) 


Ina  tract ioQgl  Ouidaaca 
^     Aecoiipllab  ioatmccloii  by  dsplalnlog  i^rating  prloclplaa.  fuoctloOp  and 
y   ralatlooahlp  of  co^ooiota .    Hava  aach  atudaat  accoapllah  aaalgnatot  in 
V  study  gulda^oo  rafrlgpr^loo  aod  air  coodltioQlng. 


*  ^lii»  1  lofsrooca    V  gtl  lafarooca 

— :-  jfTM  

Inatructiooal  tiatarlala 


ina  tr^cMoiMi  iiac<  

3ABI4733D«SC-*704,  Cooatructioo  god  (^ration  of  Air  Condltloolng 


Couponanta  ^  iL 
relnl  Itetel  GA*2*79A  ' 


DAT( 


2  January  l»ys 


•tOCiC  NO. 


VII 


FACE 


49 


31 


ATC   ^  33IA 

MAM 


^MCVtCHii  COiTIOI4i  C^iOCCTft 
U.S.  cro:  t/>«-lfr4««/««* 


<(Pisd  Cspy  -  m  -  I  X  lOH) 


*  I 


PLAN  OF  INSTRUCTION  (CMitiiHi*^' 

uMiTi  0^  iNftrmiVriOM  anp  ciitTeiitoN  ottiCCTives 

1 

DURATION 

,   SUPPCMtT  MATCRlAtS  ANDCUIPANCC 

Audio  VUual  Aids 

diarts  *  Rofrittratloo  Syotm  and  Covpoooocs 

4 

\ 

■ 

Troinliif^  B^Kipfltnt 

Ilt»  Alt  CcAdltioalog  Sorvlco  (5) 

VACim  Fii^  (S) 

Adaptor  90^  AntU  O) 

Too  tor »  Rodiotor  4  Cop  (^) 

Modif^lc'o  Caiau  Bondtoolo  (1) 

Spodol  Toolo  (1)  "  ^ 

Air  CondltioMd  Bquippod  Vohl'clo  (10) 

5oBch  XCom;    Air  CoodltloQli||^  SyoCov  Cospononto  (3) 

Troloorat 

.  72-A28S,  Auto  Air  Caoditionor  (3) 
72*4289t  Auto  Air  Conditionor  (3) 
72*^4290 «  Attto  Air  CottdlCioMr  (3) 
74-4362»  Vohldo  Sodoo  4  Doifr  (10) 

• 

I 

Trolnint  Hothodo 
Dlocuoolon/Doaoaotrocioa  (2  hro) 
Porforauco  (3  hro) 

Ipotn^cioool  lovironaont/Dooipi 
Cloooroos  ^2lico) 
Loborotory  (3  l|ro) 

InotractiOQol  Owidoiico 

Uoeaoo  oofoty  oni  tho  aodiod  of  ropolr  on  oorviciof  oir  coodltlooiog 
ofotoi^  covpoooaco,  includiof  tho  uoo  of  apoclol  toolo  ood  toot  oqutpooot/ 
Tho  lfiotnicj;or  vi^l  monitor  tho  porforoiottco  of  oocb  otudoat. 

1 

*  toy  62 

^             -  • 

* 

PtAH     iMSTiHiCTi^fe  NO.  3AM47330 

ERIC 


/OWN  JUJ^ 
'      .  ||AH  ?•  ♦^"^ 


l»IICV«OUi  f  piTlOMf  OOSOtCTC. 


/(cm 


PLAN  OF  MSTIIIICflOH(CMi^«4 


UMiTi  Of  IMlTffUCTtOM  AND  CtlTItlOH  MjECTlVf  S 


OMiATMM 

^  (HOUM 


lU^^OtT  MAT! »l4tl  AmIi  CUiOAMCt 


iMpactlM,  TcoiiblMhooClBg,  IvaciMtlng, 
md  Ch«rgtat       Cottdlcloalttg  Sya  cmn 

«.     Supplied  with  m  MAlgMd  air  con- 
dltloolag  tralasr.  Cools,  mA  oqulpaint 
coHMrdal  amial,  tad  obsonrlag  aucoaotlv* 
portooMl  tad  «^iil|MaC  chop  •af«ty,  u*« 
visual,  auditory,  oparatloaal  aaaiia,  and 
caat  a^ulpaoac  to  ^ack,  adjust,  and  laelata 
■alfui^etlona  la  cho  air  eoBdlclonlng  ayataw 
Law  tachnlcal  publlcatloao. 


^LAN  Of  WtTauCTIfM  MO.  yi^uJiiO 


19.5 
Day  63,64 

-  6S 


(15.5) 


Col 


I  Rafaranca 


sn  fcafaranca 

Be 


loatntctlonal  Matarlala 

^JUkl^47336-8C-7D4,  laapacCloa,  Tro<d»laahooClng,  BMacuatlng,  and  Charglag 
Air  CoDdltlonlag  Syataaa  — 
trclal  Manual  GA-279A  ^  < 


Audio  VUual  lida 

Filat    TF  55X1  •  feafrlgaratloo,  Evacuaclag«..-4nd  Charging 
diarta  -  Air  Condltloalag  torvlclag  Procaduraa  \ 

Training  Bgitlfant 

Kit.  Air  Conditioning  Sarvlca  (5)  .  ^ 

VacwB  PUM  (5) 
Adaptor        ibgla  (5) 

lbcliMlc*s  CoMOn  landtoola  (1)  *^  > 

Spadal  TooU  (1) 

TraiMri 

72-42 M,  Auto  Air  Condltlonar  (3) 
72-42t9,  Auto  Air  Condltlonar  (3) 
72-4290,  Auto  Air  Candltionar  (3) 
74-4362,  Vdilela,  tadM  4  Door  (10) 

TrainlM  Matfcoda 


Dtocwion/PiBWtratlon  (9.9  hra) 
Parf oTMnca  (6  kro) 


iMtnictionfl  aiwlroBnant/PMlgi 
Ciaaaroen  (9.S  bra) 


I 


•ipUia  aad  danonai^^  vUual.  aadltery,  oporatlaoAl  and  uaa  of 

coat  oWlpmt  CO  diack.alr  eondltlonlsg  ayatana.   Monitor  atudant 
prograaa.   Point  out  and  cprraet  arrora  on  tha  apot. 


OATI 


2  Januory  1979 


3 


atocKNO. 


Wll 


PtkQt  MO 


SI 


rmvtous  ceiTioMt  OMoctft. 


4Piaal  Capy  -  Ml  -  •  X  Nl» 


♦  or 


i 

• 

.i 

• 

i 

RkiM  OP  INSTRUCTION  (CmHim«4 

UNITS  Of  INSTKUCTIOM  «nD  CRlTf  HION  OBJtCtlVtS 

SUf  fOer  MATitlALS  AND  GUTPAHCC 

 —  i4  

V  ^ 

i«lAC«d  TtAloing  (ld«Dtlfl«d  In  couris  chart)* 

12 

7.      MftMurMM&t  Test  and  Teat  Critique 

1.5 
Day  65 

'8,  Graduation 

1 

D»y  65 

1  ^ 

« 

> 

1 

6 

.      '   •  •          /     .  . 

... 

* 

T 

J 

V 

• 

*  * 

> 

p\.mw  MIT  AUCTION  no/  3AB147330 

2  JMiMcy.  1975            |  ttocKiio     vil                     |  Met  no.  52 

a  ?f 


MiVtOUl  tOlTIONf  OaWlf Tff, 


ERIC  , 


::' .'■kiif:  J 


Hydf^lllc  Bf>kt«  ind  Veuui  Brik^  JH^tMr^ 


/Ltboritoiy' 
DID  6  hrs/  Nont 


N  WMIMMR/CO^pl  MM  tAiy 


tUCL 


»A«t  OATI 

o2  Xi^Mi 


i 


STS  473X0 


OATI 


3  StPttwbT  1974 


JUPfRVIIM  AmOVAL 


UONATUIIC 


6*T| 


»<l>ilATUW« 


OATI 


FWCCUASt  ym^AWATlON 


•  IN  LAVOMATOflV 


«l.  Trti  ntr:  61-2830  Nont^ 
Z.  Trilner:  60-2531 

3.  Tralntr:  60-2525 

4.  Wh«t1  Cyllndtr 

5.  Nasttr  Cyllndtr 

6.  Disc  Brakt  Componc?|ts 


CQuimiiMT 

rnOM  SUPPLY 


CbAStlPlI 


Nont 


ai«A»«MC  AIM  ANO  .V 
JMCbAtwriCe  MATCmAL 


1.  3ABR47330-SG-601 

2.  3ABR47330-SG-601A 

3.  3ABR47330-SG-601B 
«.  3ABR47330-PT-601 
5.  Film;  TFI-633e 

Chart:CAFBS9-3140 
Chart:CAFB59-3l41 
Trans  ;a>i7fe?60 


«>TtmOf<  OUtCTIVtS  AND  TeAO«IN0  STf  n 


,  (OYER), 


a,  .Without  rtftrtnct.  Identify  basic  facts  and  ttrms  related  to  the  principles  of 

SSirJii**I!iJ2:iIf!l**"\!!1^2'**^*"'^^P  nydraunc  brakt  systems  and  vacuum  brake 
booster  components  w1th-70t  accuracy. 


Teaching  Steps  are  Listed  In  Part  11 


ATC 


770 


ERIC 


IF*.  f  ^ 


I 


v4 


■  I 

I 


A 


,ERIC 


GIU^IC  AIDS  AND 
9.  170*2003 

10.  no»20ii 

11.  Tnnt:  074-369 

12.  trim:  T71OS07 

13.  Trim:  T71-3S93 

14.  Chart:  73-214 

15.  Chart:  73-21S 

16.  Chart:  73-216 

17.  Chart:  73-217 

18.  te73-93 

19.  CC74-17S 

20.  CC74-176  < 

21.  CC74.177 


A 
^1 


3.'/ 


INTROOUPTION 


10  Min 


ftwiwl  «»«^iiict  y»vyy  m       m^ttm^  m^^mfm  u$t  of 
brakts  on  a  nhUU  \n  Mhldi  th^y  mn  «  pustngtr  or  drivtr.  Strtss 
tht  iMpoirtira,  of  knowlodgo  9*imd  In  tills  tybjtct  trta  f^  tht  sund- 
polnt  of  uftty!  . 

2.  RtvltM:   Rtvlw  SuMMfy  qiMstlons  frai  Studtnt  Study  Guldo  3ABR47330- 
5G-601  and  ditck  3AW47330.PT-601  to  Insur*  that  tach  studtnt  has  cow- 
pi  attd  all  frants  in  ttxt.  Gradt  outsldo  asslgnmnt. 

3.  Overvlwr  J  Tit-in:^  Rtlato  yahlcla  motion  to  slowing,  stopping  and  hold- 

mII?.I!i ?  2?*  "•''^IL^^iry  •*5^»^"  ^  In  i^lch  tha 

^  ^  ^  studtnt 's  rtsponslbl  11  ty  during  tht 

?2ir**il??*  of  tntrgy  and  MteHals  cotistrvatlon. 

(Htat.  cooling,  light,  study  watiHals,  ttc.) 


BODY 


PRESENTATION: 

I.  •  Rtf :    Para  a.  Part  1.  > 
a.    System  Conpontnts  &  Optra t1 on  ' 
(1)  Masttr  Cyllndtr 

(a)  Purpose 

1  Converts  mechanical 
energy  to  hydraulic  ^ 
pressure 

2  Multiplies  residual 
line  pressure  Into, 
high  hydraulic 
pressure  — ■  >n 

(b)  Location: 

1  Most  passenger  cars 
&  light  duty  ^trucks 
have  cyl4iidri^  mounted 
on  engine  firtMall 

2  Largtr  trucks^  undtr 
floorboard,  mounttd 
to  frame 

(c)  Adjustment:    Some  vehicles 
have  brake  peHaf free 
travel -linkage 

(d)  i  Types 


S  Hrs  30  Min 


3ABR47330-S6^1A 
3ABR47330-SG-601B 
3ABR47330-PT-601 
Hydraulic  Brake  System 
(S.6.S  to  be  rt-ustd)  conserva- 
tion of  material 

Film:  TFI-6332 
Trans:  T71-3593 
(Avg.  stopping  distance) 
Notts 

Show  Trans :   CT  74-360 

Btnch  Item: 
Master  Cyl . 


Trainer  60-2531 
Master  Cyl . 


Trans :  CT74-360 


1.  Slngl* 


(e)  Housing  and  raurvolr 

1  Con|yiwis«t1iii0  port 
•IIOMfi  ISuld  to 
rttum  to  rtstrvolr 
whtn  brakts  art 
rtltasad.  ;;It  Is 
tha  snallast  of 
two  ports. '  . 

2  Braathar  port  alloMS 

~  fluid  to  %ntmr  qyllndar 
from  rasarvolr  and 
maintains  fluid  In 
cyllndar 

^  '  3,  Flllaf  cap  with  vant 
provldas  maans.  of 
fining  rasarvolr 
and  maintains  atmos- 
pharlc  prassura  on 
fluid 

(f)  ^ush  rod:   Link  between 

brake  pedal  and  piston 

(g)  Boot 

'I   Located  on  front  of 
~  cylinder  around  push 
rod 

2  Prevents  dirt  from 
entering  cylinder 

3  Vented  to  prevent  air 

build' up 

(h)  Secondary  cup:   Serves  as 
a  seal  to  keep  fluid  In 

.  cylinder  and  prevents  fluid 
from  leaking  Into  boot. 
Usually  part  of  piston 


(1)  Piston 


Trans;  CT  74-361 
Notts 
T71-3587 
Master  Cyl . 
Astambly 


Bench  Item: 
Master  Cyl . 


Ti*ans:  CT  74-362 
Notes 


I  Holes  In  piston  head 

allow  fluid  to  fill 
.    cylinder  as  brakes 


u 


5ort  to  fll^  cyllnatr 
Convtrts 

ortssur*  rtcilvtd  to 
hydraulic  pt^ur; 
^plltd  through  or1»-  ^ 

mary  cup 

(J)  washtr  (shItldV:  . 

fluid  fr«»  90<«9  |n^'2^ 
durlhg  brakt  •fP^^?»*l?J^.« 
Sy  <»vtr1ng  holos  In  piston 

hoad 

(k)   Primary  cup 

1  Expands  as  maehan^al 

-  Prissurt  Is  rtctlved 
to  maintain  hydraulic 
prtssurt  throughout 
syst*m 

2  ^Actual  compon««* 

-  rosponslbU  for  con- 

vtrtlng  machanicai 
prtssurt  to  hydraulic 

prtssurt 

(1)   Spring  irtturn  and  rttaln- 
Ing) 

1  Hold  primary  cup 
"  against  piston 

2  Holds  chtck  valvt  ^ 
-  in  "pi act  against  stat 

.3  Aids  i«.r«t!;'''^^!2.„ 

C  piston  to  stop  whtn 
'    brakts  art  rtlttstd 

(m)   Chtck  ¥.alvt  (dnt  way) 

1  Allows  fluid  to  pass 
from  cyllndtr  through 
valvt  Into  lints 
whtn  brakts  art  applltd 


A. 


Btnch  Ittm; 
Masttr  CyV. 


Trans:  CT  74 
Notts 


\ 


(3) 


ERIC 


2  Fluid  returning  from 
whttl  cylinders  afttr 
brakts  are  rtltastd 
unseats  check  valve, 
allowing  fluid  to 
return  to  reservoir 

3  Returns  to  seat  and 
"MlnUlns  slight  ' 
pr'essure  on  wheel  cy- 
linders whiin.  return- 
ing brake  fluid  pres- 
sure drops  to  8  -  16 
P$1 

(ri)   Double  Master  Cylinder 

1  Two  olstons  -  Tandefi 

2  One  piston  to  front 
brakes 

3  One  piston  to  rear 
brakes 

(2)   Wheel  cylinders 


(a)  Purpose  -  converts  hydrau- 
lic pressure  to  a  mech- 
anical force 

(b)  Location  -  Usually  on 
upper  portion  of  brake 
backing  plate 

1.  Housing 

a  Mounted  on  brake 
.  backing  plate 

b  Contains  bleeding 
valve  screw  to 
allow  for  removal 
. .    of  air  from  system 

2  Rubber  cups  - 
Convert  hydraulic 
pressure  to  mechani- 
cal force 

3  Pistons 

a  Receive  mechanical 
pressure  from 
rtibber  cups 


Trans:   CT  74-363 
Notes 

Trans :   CT  74-364 

Charts:    73-214  Master  cylinder 
73-215  Front  4  Rear 
llrii  failure 

73-216' 
Bench  Item:  Master  Cyl. 


Trainer:  60-2531 
Master  Cylinder 

Trans:  CT  74-366 
Notes 


flench  Item:  ^ 
Wheel  Cyl. 

Trans:  CT  74-366 
Notes 


b  Tr»n$ft»r  this 
*  ^rtt|tfiP9  to  pttth  ' 

braftt  shots 

4  Rttalning; spring  - 
~  kttps  rub^  cups 
^    soparfttod  and 

against  tht  pistons 

5  *  Dust  covers  - . 

~  provtnt  fortign  mat- 
ttr  fron  ftnttring 
cyllndtr 

/' 

6  Push  rods 

■>  . 

a  Novo  shoos  against 
«  drum 

b  Connoct  shoos 
}tt\th  pistons 

(c)   Typos  whool  cylinders 

1  Straight 

2  Stopped 

r 

O)    Brake  Fluid 

(a)  Types 

1  Standard  duty 

2  Heavy  duty  -  used 
where  high  operat- 
ing temperatures 

•  exist 

(b)  Qualities 

1  High  boiling  point  - 
prevents  vapor  lock 

2  LoM  freezing  point  - 
renalns  fluid  at  Iom 
temperatures 

(4)   Tubing,  hoses  and  fittings 

(a)  Composition 


) 


(5) 
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Bench  Item: 
Wheel  Cyl,. 


Trans:  CT  74-367 
Notes 

nO-2003-Whee1  Cyl 
T70-20n  Pressure 
bleeder 


•  \ 

Trans : 
Notes 


CT  74-365 


Trans:  CT  74-367 
Notes. 


1  LiMS  art  niadt  of  ^ 
"  stMl  for.  strififth 

against* high  prtssurt 

2  Mult  bo  dou^to  lap 
f Tarad  to  product 
strdng  Uakproof 
Joints  , 

i\ Hosts  art  higft  prtssurt 
'     ^  fl^xlblt  to  wlth- 
sti?»d.an  conditions^ 
of  s trass  and  twist 

4  Rtlnforctd  rubbtr 
with  a  stttl  core 

£  Fittings  art  usually 
stttl  or  brass  alloy 
to  withstand  prtssurt 

(b)  Prtstrvatlon 

1  Copptr  coattd  to 
rtslst  rust 

2  Tin  plattd  to  resist 
corrosion 

(5)   Brake  Assembly 

(a)   Brake  shoes  and  lining 

1  Purpose  -  to  produce 
friction  bttwttn  tht 
linings  and  drum  to 
slow,  stop;  or  hold 
a  vthlcle 

£  Construction 

a.  Shots  art  prtsstd 
stttl  for  tcbnoR^ 
and  t<i)ua1  shot  and 
drum  htat  dissipa- 
tion 
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b,  Moldtd  lining  - 
y  most  connon,  has 
^  low  frictlonal 
»   quail tits,  but 
"wtars  longtr  and 

disslpatts  htat 

quickly 


Trans:   CT  74-368 
Notts 

Tralntr:  $1-2830 
Brakt  shoe  asstmbly 


Trtlntr: 


c  litevtn  linings  - 

quitmis,  tat  TV- 
tains  htit  and  wtars 

quickly  . 

3 .  Shot  typts 

a  Primary  -  Initial 
"  shot  to  stlf- 

tntrglzt  (usually  I 

front) 

b  Secondary  (65S  of 
load) 

(b)  Springs  Trans:   CT  74-369 

Notts 

\  Pufppsa  ' 

a,  Retractlna  - 
returns  shots  to 

original  position  «^  • 

when  brakts  art 

rtltastd 

->  , 

b  Retaining  - 

prtvtnts  shots  from 
,  scraping  on  lug 
'  portions  of  drum 

(c)  Adjustments 

1^  Major  -  .ichored 

"  shoes; 

2  Minor  -  (Free  Floating)  ^ 

3  Final  -  (Self-adjusting) 

(d)  Brake  shoe  adjusters  -  libnual 

and  self-*ljust1ng       ^  Trainer:  61-2830 

l"^  Purpose  -  maintain  pro-  | 
~^per  shoe  to  drum  clear- 

ance  Brake  shoe  assembly 

2  Location  , 

a  Star  adjustment  on 
"  top  or  bottom  of 
brakt  backing  platt 

y  El 

(7) 


b  Cm  aOJustMiit  on  ^ 
upptr  portion  of 
backing  pUtt  on 
both  sidts 

(e)  Optra t1 on 

1.  Manual  adjustin  - 
can  or  star  i^hatl 
adjustment  to  sprtad 
brakt  shoos  against 

drum 

'2'  Salf-adjusting  -  star 
whtel  adjustment 
occurs  automatically.' 
Mhtn  brakes  are  alter- 
nately applied  and 
released  with  vehicle 
In  reverse  motion 

(6)  Drums  ♦       ,  . 

(a)  Purpose  -  provide  surface        Trans:   CT  74-369 
against  which  shoes  are  Brake  Assembly 
applied,  resulting  In 

stoppage  or  slowing  down 
of  wheel  ^ 

(b)  Composition  -  pressed 
steel  housing  with  cast 
Iron  liner 

(7)  Stop  light  switches  Trans:    CT  74-370 

Not^ 

(a)  Purpose  -  means  of 
warning  vehicles 
approaching  from  rear  of 
Intentions  to  slow  ddwn 

or  stop  ^ 

(b)  location  -  on  master  ^ 
cylinder  or  under  dash  '  ' 
on  brake  pedal  linkage 


(c)  Types  and  operation 

1  Mechanical  -  contact 
closed  by  linkage  con-  ^ 
nected  to  brake  pedal . 

1  P^ressurd  sensitive  - 


w 


br«l(t  fluid  prmurt 

etttiM^  dtS£  tft 

contacts 
(8)  Parking  ^rafcot 

(a)  Purpost  -  hold^ihlclt 
stationary  whon  not  in 
ust 

(b)  Location'  -  on  raar 
Mhotis  or  drivt  shaft 

(c)  I«ttp«ct1ons  -  ptrlodic 
chock  for  kinks  In 
cablo  or  binding 
llnkagt 

(d)  Optra tlons  -  mtchanlcal 

I  Exttmal  contracting  - 
drivt  shaft 

Z  Inttmal  txpanding  - 
rtar  Mhttis  ^ 

m 

,(9)   Disc  Brakts 

(a)  Hub, and  disc  asstnbly 

I  Purpost  -  provldts  frlc- 
tlonal  surf act  against 
which  tht  shot  Is  applltd 
to  stop  or  sloM  doMn  tht 
spl  ning  whtti  * 

(b)  ^'Shltld  -  prottcts  disc  from 
cross  spUsh 

(c)  Callptr  -  (Fixtd  or  float* 

Ing) 

I  Purpost  -  proVldts  mtans 
of  applying  shot  and  lin- 
ing assanbilts  to  tht 

disc 

2,0ptrat1on 

a  Callptr  -  malltabit 
"  Iron  castings  mounttd 
to  tht  support  platt' 


Trans:  CT  74-370 
Parking  brakt 
(Exttmal  contracting) 


Chart  CT  74-175 


3ABft47330-SG-601A 
rSG  to  bt  rt-ustd) 


Chart :/CC  73-93  Disc  Brake 

^Asitnbly  -  floating  call- 
ptr 

Chart:   a  74-177  Floating  Callptr 

Asstnbly  -  stc- 
tlonal  vltw 

ShOM  Disc  Brafct  Compontnts 


o 
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(9) 


b  Shot  tnd  Unlog 

pos^ttofMd  on  tht 
cillpor  to,  tiny 
.    straddit  tht  disc 

c  Casting  -  Bortd 
to  rocolvt  i 

plston(s)  - 

d  Hydraulic  prtssurt 


Chart:   ^  74-176 


is  appll ad  to  plston^s)  Function  of  piston  saal 
applying  shot  and  lin- 
ing ustMbly  to  disc 
surfaca 


\ 


€  Hydraulic  prtssurt 
rtltastd  -  shots 
rtlax 

(b)   Conblnatlon  Valvt 

1  Mtttring  valvt  -  "Holds 
off"  Disc  brakt  appli- 
cation until  drum  brakts 
makt  contact 

# 

,  2  Fallurt  warning  syltch  - 
actlvatts  dash  Tamp  In 
tvtnt  of  tithtr  front 
or  rtar  brakt  systam 
^  fallurt 

3  Proportlontr  -  Otiays 
rtar  nrhatl  skid  during 
.  high  dtct1<tratl0n  stops 

Vacuum  optrattd  brakt  boosttrs 


\ 


Chart: 


CC  73-217  Combination 
Valvt 


(a)  Purposa  -  rtduct  drivtrs 
tffort 


(b)  Location  -  as  a  stparatt 
unit.  It  will  bt  locattd 
bttwttn  tht  masttr  eyilndtr 
and  tht  nmttl  cyllndtrs. 
With  tht  Btndix  powtr 
brakt  and  tht.  Midland  ' 
Ross  typt  boosftr.  tht 
masttr  cyllndtr  Is  Intt- 
oral  with  tht  boosttr 
/sually  found  onH^t  sidt 

(It  IX^^^t  Wod 
^  or  floor  board 


Trans:       74-371  -  Hydrovac 
Tralntr:  60-2525  -  t^rovac 
^  Aastmbly 

3ABft47330-S6-601  Hydriullc 
Brakts  A  Vacuum  Brakt  Boosttr 


(c)  FtctiBrt  hmM  for  oparitlon    Chwrt  S8-3141) 

-   :  IMWOJ. 

"  Notat 

2  AtMSpNrIc  pmturt 

3  Engl  fit  Vacuut^ 

4  VaoMn  ditck  valvt  (InUkt 
r  Manifold) 

(d)  Control  valvt  asstmbly 


1  Atnosphtrlc  valvt  - 
cloatd/braktt  rtltattd. 
OpthAbraktt  applltd 

2  VacuuM  valvt  -  optn/brakt$ 
rtltastd.  Clostd/brakts 
applltd 

2  Dlaphragn 

4  Rtli^,  valvt  -  liydraullc 
~  piston 

5  Atnosphtrlc  control 
"  l  int 

(t)  'Vacuum  pOMtr  cyllndtr 

\I  Dlaphragn  or  piston  and 
^  stal  -  movtd  by  dlfftr- 
tntlal  prtssurt 

2  Actuating       -  novtd 
"  by  tht  piston,  rtducts 
tffort  tht  drivtr 


tf tort  V 
nttds  to 


put  forth 


3  Rttum  spring  -  n turns 
"  piston  to  bt  rtltastd, 

position  whtn  brakts 

art  rtltastd 

if)  $Uvt  ^llndtr 

X  Piston  and  cup  -  appllts 
hydraulic  prtssurt  to 
tht  Mhttl  cyllndtr 

2  Rttum  spring  -  rttu'rn 
-  piston  to  rtf( 


tlon/" 


tastd  posl- 

(li; 


Chart  S9-3141) 

.S9-3.140)  Hydrovac  Optra t1  on 


Tralntr:   60-2&25  Hydrovac 


3  JtlMck  valvt  -  high  hy«r«i*  ' 
He  prttsm  It  itturMd 
to  Mst|r  cyllndtf  is 
low  Hydrltfllc  prtssurt 

■  Rtf:   Psra  A,  Part  I.  ^ 
EVALUATION: 

1.  What  Is  mtant  by  horstpoMtr  of  brakts? 

2.  What  btsldos  braids  art  ustd  to  S 
slow  a  Mvliig  vohlcit? 

3.  What  is  a  fulcrum?       f  - 

4.  What  Is  usually  tht  ro'tattng  /  . 
mambar  of  a  braka  systa«r  ' 

5.  What  dtttrmlnts  tht  holding  .  ^  ^ 
qualltlas  of  a  brakt  systam? 

6.  What  dttormints  output  forct  of  a 
whtti  cyllndtr  piston? 

7.  What  dirtctloa  art  whtti  cyllndtr 
cups  1nsta11td?r  -  • 

8.  What  are  tht  quail  tits  of  hydraulic 
braka  fluid? 

CONCLUSION  20N1II 

SUfWARY  AND  REMOTIAVTIONf 

1.  Summariza  tht  princlplts.  function  and  rtlatlonship  of  tht  following: 

.  «* 

a.  Masttr  i  whttl  cyllndtrs 

b.  Brakt  fluid,  tubing,  hosts  I  fittings 

c.  Shots  1^ lining  t 

d.  Brakt  drums 
t.   Major  I  mlnor^^ustmtnts 
f .   Disc  brakt  compontntt 
gi.   VaciM^  optrattd  brak*  boosttr  systtm 

2.  Explain  tht  advantagts  to  bt  giintd.  through  a  thoj^h  utilization  of  tht 
mattrlal  Itamtd  In  today's  Itsson^.   Ramind  studtrits  of  tfitrgy  and  nattrlats 

conservation.  ^ 

ASSIGNMENT  AND  CLOSURE:    CTT  POf  Part  I,  Para  A  2  Hr^ 

1.   Using  tht  $Q3R  mtthod  of  studv,  rtad  S6  3ABR47330-602  i  602A  Hydraulic 
Brake  Systam  Servicing  &  complttt  sunwry  qutstlons. 
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>y#au11e  briktt  pii  «  vtMclt. 


rni 


(13) 
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IMtTMlCTOII 


eOllNM  TITLl 

fiintril  ftirpttM  Wrtcli 


V 
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OATI  1 

1 

r 

IN  I.A»0flAT01«V 

CQUIMMMT 

MWCUMWrHO  liATmrAi,. 

1 1.  Vehicles  " 
1  2.  Brake  Bleeding  ^qui 

3.  Brake  Honing  Equip. 

4.  Brake  Drum  Lathe 

5.  Mechanic's  Conmon 
Handjools 

6.  Special  Toph 

None. 

None 

* 

■ 

I.  3ABIM7330-SG-602 
Z.  3ABR47330-SG-602A 
).  T038A2-3-8-2  I 
1.  T036A^-3-l4-2-l 
5.  T036A2-4-17.2 
5.  Trens:-  T71-358f 
f,  Trens :CAFB  T71-358* 
L  Trans  :CAFB  T70-201] 

1  ^ 

CaiTtMON  OajtCTlVIS  MO  TIACMIWO  vtw 


a. 


Given  technical  order,  vehicles,  bench  i^ems,  tools,  and  equipment,  practice  auto- 
motive personnel  and  equlpMnt  shop  safety,  repair  or*^rv1ce  brake  systenis  and  com- 
ponents lAW  the  technical  order. 

v.* 

Provided  with  techhical  orders,  vehicles,  too \s,  and  equipment,  using  automotive 
personnel  and  equipment  shop  safety,  iise  visual,  auditory,  and  operational  meens 
to  check  brake  sysftems  I  AW  technical  publications. 


Teaching  Steps  are  Listed  in  Part  II 


ATC  770 
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INTRODUCTION 


20  Hin 


1..  .Att*nt1on  «nd  Motivation:   Ask  studtnts  «fhy  thty  foti  that  hydraulic  brake 
systw  ti»oyy  of  op^atlon  Is  inpertant.  ^int  out  hoM  this  knowltdge  nil! 
be  of  great  value  to  the  individual  during  the  process  of  serving  brake. 

2.  Review:    Review  sumnary  questions  from  student  study  guide,  3ABR47330-602 . 
C02A  H>«drau1ic  Brake  SystM  Servicing.   Re- teach  as  needed. 

3.  0\'«rview  &  TIE-IN:    Relate  major  coinponent  operation  to  component  servicing. 
Describe  the  sequence  in  which  today's  lesson  "wm  be  presented.  Insure 
that  each  student  is  aware  of  his  responsibility  toward  acconvHsNnent  of 
each  objective.   Remind  students  of  energy  and  materials  conservation.  (Heat, 
cooling,  light.  Study  material,  etc.). 


BODY  . 

PRESENTATION:  ' 
1.    Ref :    Para  A.  Part  1. 
a.    Wheel  bearings 

(1)  Purpose:    Take  up  load, 
thrust  and  reduce  friction 

(2)  Types 

(a)  Ball  bearings 

(b)  Tapered  roller  bearings 

(3)  Service  and  inspection 

"       (a)    Wash  in  cleaning  solvent  - 
dry  with  lint-free  rag 

(b)  Use  compressed  air  to  air  dry 
the  bearing \  DO  NOT  Spin 

(c)  Check  for  pits,  binding  or 
discoloration 

(4)  Adjustment 

(a)    Torque  to  applicable  - 
specifications  (pre- 
ferred method) 

*  (b)  Tighten  until  snug,  then 
back  of f  nut  approx.  one 
caste! lation  (field  method) 


II  Mrs  30  Min 


3ABR47330-SG-602A 

>^d.  Brake  System  Servicing 

3ABR47330-SG-602 

(S6  to  be  re-used) 

Trans:  T71-3588 

Front  Wheel  Bearings 


r  . 
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(5)  Lu*»Hatlon  .TTmpmncy 

(•)  use  high  tMptrtturt  Sri  nguirl  cation 

grease  . 

.    -         (b)  Hachine  packing  of  bearing 
•  (preferred) 

(c)  Hand  packing  (Alternate  or 

field)  I 

b.  Brake  drums 

(1)  Inspection.  ^  ' 

(a)  Out  of  round  -  (Dial  '^l 
indicator) 

(b)  Thickness  (micrometer) 

(c)  Cracks  and  Groves  (visual) 

(2)  Service 

(a)  nurn"  or  recondition 
on  drum  latbe 

(b)  Mark  amount  removed  on 
uwnachlned  portion  of  drum 

c.  Shoes  and  Lining 

(1)  Primary  shoe  -  closest  to 
front  of  vehicle 

(2)  Linings  -  may  have  different 
frictlonal  quality 

(a)  Shortest  lining  usually 
on  primary  shoe 

(b)  May  be  bonded  or  riveted 
to  shoe 

d.  ^    Springs  •  ^ 

{])    Retracting'  ^ 

(a)   Color  and  number  of  '^f; 
coils  -  (Length) 


{21 


(2)  fi«U1n1ng 

Cylinders  -  (Ntsttr  and  tdittl) 

(1)  Weti  hone  to  remove  Nrtnor 
pl/s  and  scratches 

(2)  yfteplace  all  novlng  parts 
Brake  Pedal 

(1)   Free  travel  adjustnent 
Parking  brake^ 


(1)   Clean,  lubricate  and  adjust 

after  seVvlce  brakes  are  adjusted 

Bleiedlng  procedures  -  (Renovel  of 
air  from  system) 

(1)  Manual  or  two  man  method 

(2)  Pressure  bleeding  tank 
(a)   One  man  operation 

Disc  Brakes 
(1)  Disc 

(a)  Inspect  for  cracks, 
grooves  and  run-out 

(b)  Disc  is  measured  with 
gauge  bar  and  ball  - 
critical 

(c)  Reflnish  with  disc 
brake  lathe 

'\  0  ,  Caliper  bore 

(a)  Inspect  ibr  scores, 
pitting,  nicks  and. 
corrosion 

(b)  Polish  with  fine  crocus 
cloth  and  wash  with 
denatured  alcohol 

(3) 


Transparency  170-2011 
Pressure  brake  bleeder 


(c)  Otfects  eannot  M  cUantd 
replace  callptr  housing 


(3)  Piston 


(a)  'Inspect  for  &c(ires.  nicb 
.  ^  corrosion  and  v#orn  or 
damaged  chrome  platir^ 

(br^ Minimal  damage  can  cause 
leak  between  piston  and 
'  seal 

(c)  -Damaged  pistqn  must  be 
replaced 


rton 


APPLICATION; 


Para  A,  Part  1 

Interspersed  throughout  the  lesson 


EVALUATION: 

1.  What  is  the  purpose  of .the  wheel  bearipgs? 

2.  What  is  the  advantage  of  bonded . 1 i n1 ng 
over  riveted  lining? 

3.  -  How  can  the  primary  retracting  spring* 

be  Identified? 

4.  How. much  air  pressure  Is  applied  to  the 
pressure, bleeding  tank? 

5.  What  should  be  done  to  a  wheel  cylinder 
that  has  minor  scratches? 


END  OF  DAY  SUMMARY 
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SJJMMARY : 


L    Summar^ze^ principles  of  operation,  func- 
tion, and  relationship  of  the  followtng: 
Wheel  Bearings,  Brake  Drums,  Shoes  and 
Lining,.  Springs,  Cylinders,  Parking 
Brake,  Bleeding  Procedures,  Disc 
Brake  Components  and  Troubleshooting 
Procedures 

ASSfGNMENT:    CTT  PCI  Para  2A    2  Hrs 

1.  nRead  complete  statements  SG  3ABR 
47330-602  Servicing  of  Hydraulic 
Brake  Systems,  using  the  SQ3R 
method  of  study.    Remind  students* 
of  energy  and  materials  conservatfon .  . 


3ABR47330-SG-602 
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INTROOUCTION  TO  NEU  DAY'S  UOMC 

J.  Arouse  studtnt  1nttr«st  by  dlswsliig  potslblft  mults  of  syt ta»  ailfunc 
tidns.  •     ,  •  e 

2.  '  -AtvltM  and  grado  outside  ass Ignatnt.   Rt-tMch  as  riMdad. 

3.  Briefly  review  hOM  brakeSystews  are  serviced. 

PRESEMTATION:  '  C 

1.    Ref :    Para  A,  Part  I  % 
Ref :   Para  B,  Part  I  .  * 

a.   Troubleshooting  brake  system 

(1)  Leaks  or  insufficient  fluid 

(a)  Spongy  -pedal 

(b)  Excessive  brake  travel 

(c)  Brakes  do, not  apply 

(2)  Distorted  or  Improperly  ^  - 
adjusted  brake  shoe 

(a)   One  brake  dirags 

(bj   All  brakes  drag  \ 
^       (c)   Hard  pedal 

(d)  Vehicle  pulU  to  one 
side  ^  . 

(e)  One  wheel  locks^ when  applied  , 
Excessive,  pedal  travel 


(gj   Noisy  or  grabbing  brakes 
(3 J    Drum  out  of  round  ; 
^  (a)  One  brake  drags 

(b)  Vehicle  pulls  to  one  side 

(c)  Brakes  chatter 

\  (4)    Glazed, for  worn  lining 

^  (a)   Hard  p^dal 

(5) 


V 


)  V 


1» 


(b)  Vehicle  pulls  to.  one  side 

(c)  One  wheel  locks 

(d)  Brakes  chatter 

(e)  Noisy  or  grabbing  Jac^kes 

(f)  Brakes  do  not  apply 
(5)   on  grease  in  lining 


(d)  Brakes  do  not  apply 
(9)   Air  in  hydraulic  system 


(a)  Vehicle  pulls  to  one 
side  . 

(b)  -  One  wheel  locks 

(c)  Brakes  uneven 

(d)  Noisy  or  grabbing  brakes 

(e)  Brakes  do  not  apply 

(6)  Faulty  wheel  cylinder 

(a)  One  brake  drags 

(b)  Vehicle  pulls  to  one  side 

(c)  One  wheel  locks 

(7)  V  Oirty  brake  fluid 

(a)  One  brake  drags 

(b)  All  brakes  drag 

(c)  Brakes  uneven 

(d)  Brakes  do  no,t  apply 

(8)  Faulty  master  cylinder 

(a)  All  brakes  drag 

(b)  Excessive  pedal  travel  5'f 

(c)  Pedal  gradually  goes 
goes  to  floor 


(6) 


(a 

(c 
(d 

(10)  St 
(a 

(b 
(c 

in)  St 

va 

*  (a 
(b 


Ont  brakt  drags 
Spongy  podal 

..   ^  /  ■  ■■ ' 

Excessivt  p«da1  travtl 

Brakts  do  not  apply 

f-adjustars  not  Optra ting 

Vthlcit  pulls  to  bnt  sidt 

Exctssivt  ptdal  travtl 

Shot  click  rtltast 

eking  boosttr  control 
vt 

All  brakts  drag 

Noisy  or  grabbing  brakM 


b.    Discuss  proctdures  for  rtmoving, 
insptct^ng,  rtpairing  or  rtplacing 
ntM  or  rtcondltlontd  vthlcit  hydrau- 
lic boosttr  units  (HydFOva<;). 

./■ 

(1)   Removal  -  ust  appllcabit  publi- 
cations 

(a)   Place  drip  pan  undtr  unit 


(b)  Disconnect  all  lints 

j.  Hydraulic 
,  2  Vacuum 
3  Atmospheric 

(c)  Remove  mounting  bolts 

(d)  Rtmovt^unlt  from  vthlcle 
'  (2)   Inspections      •  ^ 

(a)   Visual  Inspection  of 
external  cofflpon<»nts 


(b)   Disassembly  (by  Manual) 


Do  not  write  In  Study  Guides 
or  TOs 

TO  3eA2-3-6-2  1965  Ford  f cono- 
line  Shop  Manual 

TO  36A2-3.14.M  196^  Ford  Fair- 
lane  Service  |4anual 

TO  36A2-4-17-2  1967  Chev  Stdan 
S^rvlct  Manual 


ERIC 


•c 


(c)  Chtcic  condition  of  sUvo 
.cylinder 


(d) 


1  Scorts 

2  Pits,  etc. 

Check  condition  of  valve 
seats 


V 


(3)  Repair  -  usually  consists  of 
Installing  a  repair  kit  while 
assembling  unit 

(4)  V Installation  -  reverse  proce- 
IJure  of  removiK-^ 

(5)  Bleeding  systeiA 

(a)   Air  must  be  bled  from 
system  upon  replacement 
of  unit 

1  Manual 

2  Pressure 

a   Follow  applicable 
publication  for 
sequence 

b   Start  at  control 

valve,  slave  cylinder', 
i  then  R.R.L.R.  -  R.F. 

^  L.F.  wheel  cylinders 

Participate  in  a  discussion  of  the 
brake  reconditioning  equipment 


APPLICATION:  % 

1.    Ref:    Para  A,  Part  1 
Ref:    Para  B.  Part  r 


^  EVALUATION:      .  . 

^  1.    What  safety  prattS^es  must  be  followed? 


ERIC 


(8) 


» - 


TOs  36A2-3-6-2 

'36A2-3-14-2-1 

36A2-4-17-2 
Vehicles 

Remove  all  jewelry 
Use  hand  &  special  tools 
Operate  brake  drum  lathe, 
honirig  equipment 


61 


2.  Wh«t  if  facts  tht  G0Mptn$«t1n9  port  ' 
of  ^ht  RMStar  pylindtr? 

3.  Af  ter' macftlnlftg,  lihtrt  art  the  drums 
marked? 

4.  Why  are  drums  marked? 

5.  What  are  the  advantages  of  pressure 
brake  bleeding? 

6.  HOM .are  wheel  bearings  adjusted? 

7.  What  precaution  must  be  obstrvad 
while  adjusting  parking  brake? 

8.  What  should  ba»dona  If  oil  or  brake 

fluid  gets  on  lining?  ,  ^ 

CONaUSION  lONIn 

SUMMARY  &  REMOTIVATION: 

1.  Sunmarize  use  c>  tools  &  equipment;  repair  or  service  procedures  for  hydrau- 
lic brake  systems  and  components;  visual,  auditory,  operational  means  and 
test  equipment  procedures  to  check  the  hydraulic  brake  systM, 

2.  Remind  students  of  benefits  to  be  derived  by  becoming  a  competent  brakte  sys-^ 
tern  mechanic.   Remind  students  of  energy  and  materials  conservation. 

ASSIGr^MENT  &  CLOSURE:    CTT  POI  Para  2A,'28     2  Hrs  Use  3ABR47330-SG-603 

1.  Using  the  SQ3R  method  of  study,  read  SG  3ABR47330-6.03  Air  and  Air/Over  Hydrau- 
lic Brake  Systems.   Complete  sumnary  questions. 

2.  We  h^ve  now  completed  Hydraulic  Brake  Systems  and  our  next  lesson  on  Air  and 
Air. Over  Hydraulic  Brakes  will  be  more  easily  understood. 


c«iTewoM  otjtcTives  *mo  -eacnino  stew 


a.  Without  references.  Identify  basic  facts  and  terms  related  to  the  principles  of 
,  operation,  funcTlon,  and  relationship  of  air  brake  system  components  with  70X 

accuracy. 

b.  Provided  with  technical  orders,  vehicles,  bench  items,  tools,  and  equlpttient,  and 
applying  automotive  personnel  and  equipment  shop  safety,  repair  or  service  air 
brake  systems  and  components  lAW  technical  publications.  ' 

^J?!!^  technical  orders,  vehicles,  tools,  and  equipment,  and  observing  auto- 
motive personnel  and  equipment  shop  safety,  use  visual;  auditory,  and  operational^ 
means  to  checic  the  air  brake  system  lAW  the  technical  order.  «p«raiion«i 


Teaching  Steps  are  listed  In  Part  II. 


ATC 

I 
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GRAPHIC  AIDS  AND  UNa. 
MATERI/U, 

7.  Trtlis:CAFB  nO-2005 

8.  T036A2-2-1-122 

9.  Chart  CC74-174 


J 


Id 
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1. 


1. 


timomicnoft  ?P  mn 

Mt(Minon  antt  Motivation:   Dlscuss  th«  nMd  for  greater  hrJklng  effort 
In  ih''  of>erat1ofi  of  larner  vehicles.  ReUte 'Importance  of  proper  air 
t>rnke  system  operation  and  mal^ntefience  to  the  Air. Force  In  relation 
to  vehicle  cost,  carqo  and  persomitl. 

<^f»view:    Review  sunmary  questions  fro*  3A0R47330-S6*603  Air  and  Air/Over 
iivdraullc  PraVe  Systems.   Re-Teach  as  Needed. 

Overvi«M-   Describe  the  lesson  sequence  to  the  students  and  carefully 
explain  the  tasks  each  student  will  be  required  to  oerform  during  the 
application  step.  > Remind  students  of  energy  andaeterlaU  conservation, 
(ileat,  cooling,  light  study  materials*  etc.) 


BODY 

IMlESLriTATIOM; 

\.     Ref :    Para  A.  Pa?t  1 

a.     System  components  a^d  operation 

( 1 )  Compressor 

(a)   Purpose:    Source  of  Air 
Pressure  for 
system  use 


(^)  Location: 


(c)  Operation 


Usually  at  the 
front  of  engine 
on  driver's  side 


1  Belt  driven  off 
engine  crankshaft 
pi^lley 

2  Coaled  and  lubricated 
by  engine  systems 

3,      Inlet  ports:  Located 

"  in  cylinder  well 
and  allow  air  to 
enter  cylinder  (B.O.C.) 

4      OISCHARfiE  (Exhaust) 
valves:   Means  of. 
allowing  compressed 
air  to  escape  from. 

cylinders  to  air 
reservoirs 


10  Hrs  20  Min 


3ABR47330-SG  &  WB  603 
(SG  to  be  re-used) 


Transparency:   CT  74-372 
Notes 
T70-2005 
Compressor 


Trainer: 


63-2996  Brake 
Assembly 


;  1 


5  Un1o«4tr  ntcHtnlSM: 
Rfctlvtt  alf  frm 
goYtmor  Mhlch  optns 
unloadar.vilvts* 

—         t«^Mf«r11y  prtvtnting 
conprtsstd  ilr  build-up 

« 

6  Alcohol  Ifijtctor: 

Prtvtnts  systim  compontnts  x 
frm  frttzing' 

Reservoirs  (two  -  ««tt  and  dry) 

(a)  Purpose  -  stor*  air  Transparency:  CT  74-373 
under  pressure  for  Notts 
future  use  In  the  systim 

(b)  Location  -  on  underside 
of  vehicle  fraaie 

(c)  Wet  tank  -  first  tank 
to  receive  air  from 
compressor  -  jftajorlty  of 
moisture  Is  con^nsed 
here  al lowing  dry  air 
for  the  system 

(d)  Dry  tank*'-  second  tank  through 
which  air  passes  to  the  system  - 
remainder  of  moisture  condensed 
here  allowing  dry  air  for  the 
system 

(e)  Safety  valve  -  in  case 
of  qovernor  failure, 
releases  excess  pressure 
(popped  type) 

(f )  Drain  cocks  -  one  on  each 
reservoir 

j.     Purpose  -  drain  mols- 
ture  and  release 
air  from  the~S7steR 

(o)  Automatic  bleeder 

1     Purpose  -  automatically 
"bleeds  *  moistui'e 
from  reservoirs  each 
time  brakes  are  applied 

Governor  •  Cr' 


(2) 


(t)  Purpost     control  mxImI 


(b)  Locitlon  -  MwiM  on  comp- 
rtssor  or  onglno  flrtMll 

/■ 

(c)  Optra t1  on  ilr  protsurt -tcts 

on  a  nachanjcal  dovtci  forcing 
a  valVt  to'optn  or  (Mhth  th« 
air  Is  riiMovod).a11aM  tht 
mtchanlcal  dtylct  to  closa 
tht  valvt 


(d)  Typts 
1 


Bourdon  tuba.  *  air  prassurt 
forces  tuba  to  stralghtan 
Out  pulling  a  valvt  optn 

Diaphragm  -  air  prtssurt 
acts  on.  dlaphraoM  to 
0{Mrat»  spring  loaded  valvt 

Piston  -  air  prtssurt 
acts  on  pjiston  to  optratt 
spring  loadtd  valvt 


bnloader  mechanism  -  compressor 

(a)  Purpose  -  unloads  compressor 
by  destroying  Its  capability 
to  compress  alt 

V 

(b)  Location  -  usually  on  comp- 
pressor  head 

(c)  Operation 

Air  pressure  from  gover- 
nor actuates  unloading 
mechanism,  causing  an 
unloader  valve,  located 
above  the, pis ton  In  tht 
cyllndtr  htad,  to  optn, 
thus  dtstroying  tht  cyl-  ' 
indtr's  capability  to  A' 
build  prtssurt 


,  Trainer 
Denbnttratt:  60-2$2« 

'  .  Alt..  

6o\Nhrfior  Assy 

Transparency:  Ct '74-373 
Hotes 


(3) 


4 
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I     This  cycle  is  rapttted 
each  time  brake 
application  causes  air 
in  reservoirs  to 
drop  beloM  specified 
pressure 

(5)  Safety  and  warning  devices 

(a)  Located  in  cab  of  veh- 
icle 

(b)  LOM  pressure  indicator  - 
buzzer,  bell ,  light, 
pendulum  or  a  combination 
of  any 

(c)  Ai r  gauge  - regl sters 
amount  of  air  pressure 
available  in  system 

(d)  Stop  light  switch  -  warn- 
ing that  brakes  are  being 

applied  (Located  near 
brake  valve) 

(6)  Air  supply  valve 

(a)  Located  inside  cab  on  fire 
wall 

(b)  Ready  source  of  air  pres- 
'  sure  to  use  for  outside 

source 

(7)  Brake  valve  -  treadle  valve 

(a)  Mounted  on  frame 

(b)  Heart  of  air  brake  sys- 
tem, meters,  the  air  through- 
out system 

(c)  Also  known  as  foot  valve 
(8>   Hand  control  valve 

(a)  Located  in  cab  on  steer- 
ing column 

* 

(b)  Allows  ooeration  of 
trailer  brakes  independ- 
ently of  tractor  brakes 

(4) 


Transparenqr  CT74-372 
Notti 


Demonstrate:   Air  brake  componen: 

air  gauge  &  stop  lion 
switch 


Transparancy  CT74-373 
Notes 


Transparent  CT74-374 

Air  brake  valve 


Demonstrate:   Air  brake  sys,  com- 
ponents Brake  I  hand 
valve,  quick  release 
&  double  check  valve 


6-5 


(9)  Hi  nor  vaWes  In  systm 

(«)  Quick  rtlMSt  viWt  - 
i11«M$  «lr  to  mtmt 
qu1ckiy««htn  brakts 
art  rtltistd 

(b)  Double  check  valve  - 
allows  air  to  floM  from 
tuM)  sources  (foot  valve  - 
hand  control  valve) 

(c)  One  May  check  valve  - 
allows  air  to  flow  In 
one  direction  only 

(10)   Tractor  protection  valve 

(a)  Valve  located  in  air 
system,  switch  located 
on  dashboard 

(b)  Valve  protects  tractor 
system  by  cutting  off 
pressure  in  lines  to 
trailer  (trailer  break 
away) 

(c)  Switch  is  usually  manually 
controlled  for  emergency 
use*  usually  left  in 
nonnal  position  * 

(11)  Limiting  -  quick  release  valve 

(a)  Usually  found  on  front 
axle 

(b)  Valve  controls  front 
tractor  brakes  for  wet 
or  dry  conditions,  cuts 
pressure  SOX  for  wet 
conditions 

(c)  Controlled  by  switch  on 
dash 

(12)  Relay  valve 

* 

(a)   Applies  rear  tractor 
brakes  at-  same  time 
front  brakes  are 
applied 


Transparency  CT74-374 

Cjulck  rtlease  valve 


Transparency:  CT74-374 
Notes 


Demonstrate;  Air  brake  system 
components  -  tractor  protection  & 
relay  valves 


Transparency  CT74-374 
^k}tes 


Transparency:  CT74-375 
Notes 


(5) 
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(131  P'lter  , 

(a)  Purpose  *  clean  air 
before  entry  Into 
emergency  re1ay>va1ve 

(b)  Location  -  on  trailer 

(14)  Emergency  relay  valve 

(a)  Used  on  trailers  only 

(b)  Will  automatically  set 
s  'trailer  brakes  when 

source  of  air  pressure 
to  trailer  is  lost 

(15)  Brake  chambers 

(a)  Mounted  on  axle  near 
each  wheel  (one  at  each 
wheel ) 

(b)  Changes  air  pressure  to 
mechanical  force 

(16)  Slack  adjusters 

(a)  Loca^ted  between^ brake 
chambers  and  backing  plate 

(b)  ^  Mechanical  advantages  is 

provided  here 

(c)  Provide  quick  and  easy 
adjustment  for  norma> 
wear 

(d)  \vi  the  released  or  applied 
position  angle  between 
push  rod  and  slack  adjuster 
must  be  greater  than  90 
degrees 

(17)  Hoses,  lines,  couplings,  and 

fittings     •         "  .. 

(a)   Tubing  -  .(Copper  (rigid)  ^ 


ERIC 


(b)   Hoses  r  speciyal  high 
pressi^'e,  reinforced 
neophrene,  spring 
wire  wrapped  at  friction 
points 

(6) 


70 


Oenonstrate:  Air  brake  system  ][ 
CoMpontnts  -  Gmtr.  relay  valve 
A  brake  ch«Rbtrs  % 


Transparency  CT74-375 

Brake  chamber 


CC74-174 
Slack  adjuster 

* 

Demonstrate:   Air  brake  system  . 
Components  -  slack  adjusters,  hose^ 
lines;  couplings  and  fittings 

trainer:   63-2996  Brake  Assembly 


J 


Transparency;  CT74-375 
Notts 


■  / 

(c)  Cwiplings  -  provldt  a  ^ 

quick  MtM»  to  COfWiCt 
or  <n$COmliCX  nOSvS 

1      Two  rubbtr  gaskets 
fom  in  air  tight 
s«al 

(d)  Fittings  -  usually  brass 
fteWWfi'*   Para  a  Part  1.    Interspersed  throughout  Lesson 

*    *  * 

1.  HoM  does  the  piston  type  compressor 
operate? 

2.  How  is  the  compressor  cooled  and  lubri-  r 

cated? 

3.  Through  which  valves  does  the  cowp- 

pressed  air  leave  the  compressor? 

4.  What  is  the  purpose  of  the  wet  and 
dry  reservoirs? 

5.  How  does  the  bourdon  tube  type  gov^ 
ernor  operate? 

i, 

6.  When  should  the  reservoirs  be  bled? 

7.  Why  is  a  quick  release  valve  nec-  , 
essary  in  the  system? 

What  IS  neant  by  the  term  "Lapped 

position"?  :  , 

I 

9.    Why  does  the  hand  control  valve 
operate  only  the  trailer  brakes,? 

10.     Explain  the  slack  adjuster  angle. 

END  OF  DAY  SUWWY 

.   1.   Sunmarlze  principles,  operation,  function,  and 
.  relationship  of  the  following:  coMprtssor, 
reservoirs,'  govtmor,  brake  valve,  hand  control 
valve,  safety  &  iwamlng  dtvlcts.  plus  other  minor 
valves  in  syst«i'. 

ASSlGNMirn  CTT  P.O.I.  PARA  3a    2  Hrs   .  .  3ABM7330-SG-604 

*  • 

I-   Read  complete  statements  SG-3ABR47330^604  Air  &  Air/ 
Cfver  Hydraulic  "Brake  Systwi.  using  the  SQ3R  method  cf 
study.  (7) 
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1. 


Rtnlfid  studtRts  «f  wmr^  mA  MttrlaU  camnratlon. 
INTRODUCTION  TO  HEW  DAY'S  WORK 

fl 

Arouse  student  inttrtst  through  discussion  on  possible  results  of  ^ 
system  malfunctions.   Note:   Energy  and  mtterlals  conservation. 


2.  Review  and  grade  outside  assignaent.   Re-teach  as  needed.  ^ 

3.  Briefly  review  how  «ach  air  brake  component  functions  within  the  syste*'^ 
PRESENTATION: 

1 .    Ref :    ParH  a,  Part  1.  '  ? 

Ref:  Para  b'.  Part  1. 
Ref:    Para  c»  Part  1 . 


A.       The  air  over  hydraulic  brake  system 
combines  certain  hydraulic  components 
.  '   with  certain  air  brake  components 

(1)    Hydraulic  components 

*^      (a)   Master  cylinder  and 
linkage  * 

(b)^  Lines,  fitting^  and  j 
flexible  hoses 


Transparency  CT74-376  .^ir/Over 
Brake  Booster  $>- 


Chart  59-3142  Atr/Over  Hydraulic 
Brake  Booster  Systet* 


(c 

(2)  'Ai 
(a 
(b 
(c 
(d 
'(e 
•  (f 

(g 

(h 


Wheel  cylinders  at  each 
wheel 

brake  components 
Compressor 
Governor 

Reservoirs  -  wet  or  dry 
'Safety  valve  • 

* 

.  Pressure  gauge 
Lo»|^pres$ure  warnixig . 

Air  s^fpply  valve 

Extended  lines  of  air 
for  trailer 


■  ^ 
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(i)   Hand  control' valve  (trailer 
brakes 


5? 


b. 


• 


Th«  ccip^lnlng  of         *lr  tad 
hydraulic  conpontnts  to  fomi  in 
ilr  o¥tr  liy^ittllc  briiti  tjfttM 
ts  acconptfshtd  by  adding  a 
brake  boos tor  unit  (alr-ptc  boos tor) 

(1)   Brake  booster  unit  cd^wnents 

(a)  Air  cylinder  and  power 
piston:  Compressed 
air  moves  power  piston, 
resulting  in  greetly 
Increased  hydreullc 
pressure  to  Mheel 
cylinders 

(b)  Control  valve:  Neens  of 
«pply1ng  air  pressure  to 
poiwr  piston 

(c)  Hydraulic  slave  cylinder: 
Receives  power  piston 
force  and  converts  to 
Hydraulic  pressure 

(d)  Bleeder  valves 

1  Means  of  removing 
air  from  hydraulic 
portion  of  booster 

2  One  located  at  control 
valve  assembly  -  other 
at  slave  cyllndef 

Maintenance  of  system 

(1)  All  air  must  be  exhausted 
from  system  prior  to  bleed- 
ing or  removing  system  com-  , 
ponents 

(2)  Components  of  the  hydraulic 
portion  of  the  systeniare 
maintained  as  prevloinly 
discussed 

(3^      Components  of  the  air  portion 
of  the  system  are  maintained 
as  previously  discussed 

(4)      Booster  unit  malntenence 
consists  of: 


(9) 


Chart  59-3139  Alr/Hyd.  Booster 
(released) 


Chart  59-3139-1  alr/hyd.  Booster 

(applied) 


Trainer:  63*2996  Brake  Assembly 


Show  Air  Over  Hydraulic  System 
Components 


ERIC 


(a)  Ronoval  and-  riplaciint 

^(b)   installation  of  rebuild 
kits 

AfPLICATIO*':  : 

1.     Ref:   Para  b.  Part  1 

Ref :    Para  c,  Part  1 . 

(Also  interspersed  throughout  body 

of  lesson) 

FVALUATION: 


3. 
4. 


How  effective  Is  a  booster  unit? 

What  procedure  is  used  to  bleed  brakes 
on  air  over  hydraulic  system? 

What  maintenance  is  required  on  an  ^ 
air  over  hydraulic  brake  system?  ( 


6  . 


What  is  the  jdifference  in  the  air 
over' hydraulic  system  and  the 
hydrovac? 

v^hat^unit  applies  the  brakes  in  the 
^ir  over  hydraulic  system? 

What  safety  feature  allows  the 
brakes  to  be  applied? 

■lhat  is  the  purpose  of  the  booster 

unit? 


Hand  K  Special  Tools 
Vehicles  -  T.O.  36A2-2-1-122 


1. 
2. 

3. 


RiMOve  all  jewelry; 
Match  for  oil  slick  on  Ub 
floor. 

Use  hand  ft  special  tools, 
vehicles* 


SUMMARY  AND  RFMOTlVATION : 


CONCLUSION 


20  Min 


1.     Suimn  r^ze  repair  or  service  procedures  for  air  brake  compressbr,  governor* 
ese'-voirs,  system  valves,  brake  chambers  and  slack  adjusters^  Also  air/ 
»vrr  nydraulic  power  cylinder,  master  cylinder  and  wheel  cyltrtder. 

"   Ctennthen  student  desire  to  became  proficient  on  all  types  oflbrakt  systems 
by  pointinn  out  safety  ihvolved  and  personal  gain  through  proiptlon  and  pay. 
RefTi'^d  students  of  energy  and  {naterlals  conservation. 

A5SlGNMFii'  AND  CLOSURE:    CTT  P.O.I.  Para  3b,  3c    2  Hrs 

\      tj^.fK  the  S03R  method  of  study.    Review  3ABR47330-S6-e04  ft  604A,  PT-3ABR47330- 
'    604  Convent1o'>«l  ft  Power  Steering.   Answer  SuBinary  questions. 


we  have  now  conplttcd  bas^-infonnttlon  on  til  prtttnt  day  brake  systems 
used  within  the  General  PuTgdse  Career  Field  of  tS^A^Xw  oirM^l 
lesson  w  11  enable  .tti  to  uadrntind  end  fervH*  iS^«  22?'te2^ 
another  Important  means  of  control  for  a  velilcleriHoJlor^  te««bl1es. 


J 


J 


(11) 


I 


■I- 


A^frteS  AMO  OATt 


eOUMC  TtTkl 

etiitril  PyrpMt  Vtiilcli 


WtIMN  TITLt 

Convntlonal  4nd  Powtr  Sttf Ing  ^stto 
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■rotii»o357a55?ra?y" 

DID  6  hrs/Ptrf  6  hrs 


inaiiiwwicK/cowp  I  tmimry 

4hrs 


TOT  AC 

16  hrs 


»Ti/crt  ttPtaiwct 


OATC 

107A 


SU^tRVMM  AmravAL 


tiailATMIIC 

OAT* 

MONATunS 

OATtt 

•  1 

^ttCLAU  Mf  ^AllATlON 


lOUftMltNT  UOCATKO 
IM  L  AMU  AT  on  Y 


tOUIPMlIT 


CLAWIFItO  MATKMIAC 


•HA^niC  AIM  AM 
UMCt AMiritD  aiATWIIAI. 


4. 

5. 
6. 

7. 


Trainer: 
Trainer: 
Trainer: 
Traine-  , 
Trainer: 


59-2451 
61-2423 

59-  2433 
63^2995 

60-  2530 


None 


None 


Mechanic's  Comnon 
Hand  Tools 
Special  Tools 


1. 
2. 
3. 
4. 
5. 
6. 
7. 
8. 


csireinoN  otJccTives  and  "eacning  stim 


3ABR4r330-^S6^ 
3ABR47330-SG-604A 
3ABR47330-S6-604B 
3ABR47330-W8-604 
3ABR47330-PT-604 
Chart :CAFB59-3236 
Chart:CAFB59-3145 
Chart :CAFB63-425{ 


la.  Wititout  references.  Identify  basic  facts  and  terms  relative  to  the  principles  of 
operation,  function,  and  relationship  of  steering  systen  components  with  70%  accuracy. 

b.  Provided  with  vehicles,  tools,  and  equipment*  bench  items,  technical  orders,  and. 
applying  automotive  personnel  and  equipment  shop  safety •  repair  or  service  steering 
systems  and  components  I AW  the  technical  publications. 

c.  Supplied  with  tools  and  equipment,  vehicles,  technical  orders.and  observing  auto- 
motive personnel  and  equipment  shop  safety,  use  visual,  auditory,  and  operational 
means  to  check  steerlttg  systems  I  AW  technical  publications. 


Teaching  Steps  are  Listed  In  Part  U. 


kTC  770 

AU0  71 

EQUIPMENT  LOCATED 
IN  LABORATORY 

8.  Sttering  Gtar  Assy. 

9.  Vehicle 


GRAPHIC  AIDS  AND 
UNCLASSIFIED  WAT, 

^        9.  C}Mrt:CAFB63-42S 

(2  Of  2) 


I 


5 


INTHQOUCTION 


1.  Attfiit1«fi  tfNl  ltetlvstlDfi:  Mfi  studtfitt'  ttttfitfon  by  pointing  mit  tht 
posslblt  constqutncts  of  1«prop«r  vihielt  statring  or  handling.  Stress 
the  Importance  of  quick  and  sure  steering  retpontc  during  nor«a1  opora- 

>     tlon  or  In  case  of  «iiergency. 

2.  RevleM:  Review  3ABR47330-&-604.  Give  an  appraisal.   Review  sunaiarv 
questions.  Re- teach  as  needed. 

3.  Overview  &  TIE-IN:  Explain  aequence  In  which  the  lesson  will  be  preset 
placing  emphasis  on- objectives.  Show  how  placing  a  vehicle  In  notlnr. 

•  being  able  to  stop  the  vehicle  Is  of  no  consequence  unless  you  can  ron 
trol  the  vehicle  direction  while  It  Is  In  motion.   Point  out  to  each  r 
dent,  what  will  be  expected  of  him  ^Ing  the  presentation  and  applies 
tion  steps  of  lesson.  Remind  students  of  energy  and  materials  comter- 
vatlon.   (Heat»  cooling,  light,  study  materials.  Etc.) 


PPF5ENTATI0N: 


BODY 


11  Mrs  : .  Ml 


Ref:    Para  a,  Part  1. 

a.  Steering  Gear  Types 

(1)  Worm  ajvd  sector 

(2)  Worm  and  roller 

(3)  Cam  and  lever  . 

(4)  Worm  and  nut- 
(recirculating  ball) 

b.  Construction  and  operation 
(1)   Worm  and  sector 

(a)  Worm  gear  integral  ^ 
with  cojumn  shaft 

on  lower  end 

(b)  Mounted  between 
tapered  roller  bearings 
at  top  and  bottom  In 
gear  case 

(c)  Worm  has^"Hour  Glass" 
shape  to  provide: 

I  Betteiyt6bth  contact 


3ABR47330-SG-604 

3ABR47330-S6-604A 

3ABR47330-S6-«04B 

(5^  to  be  reused) 

3ABR47330-P.T.-604 

3ABR47330-W.B.^4 

(Do  not  write  In  P.T.  or  W.C 


Chart:  59-3236 
worm  &  sector 


Trainer:  60-2530 
worm  I  sector 


ERIC 
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Z     Varlabit  ratio 

(d)  Sfctor  9taf  Is  intagftl 
Mith  cross  shaft  on 
Inntr  and 

(e)  Tapairad  to  aid  adjustmant 
and  mash  with  worm  gtir 

(f )  Outar  and  of  cross  shaft 
is  spllntd  to  racolvo  tha 
"Pltasn"  arw 

(9)  Luba  saal  In  cross,  shaft  iwuslng 

(2)   Vtonn  and  rollar 


(a)  Column  shaft  and  Monn 
gear  sama  as  Morm  and 
sector 

(b)  Roller  gear  mounted 
vin  ball  bearings  on 

cross  shaft 

1_  Replaces  sector  gear 
"     and  reduces  friction 

(c)  Gear  operation  same  aa 
worm  and  sector 

(3)  Cm  and  lever  ^ 

(a)  Cam  replaces  worm  as 
Integral  part  of  column 
shaft  on  lower  end 

(b)  "Lever"  Is  actually  two 
studs  mounted  on  Inner 
portion  of  cross  shaft 
that  mesh  with  cam  to 
actuate  pitman  arm  during 
rotation 

(4)  Worm  and  nut  or  recirculating 
ball 

(a)  Worm  Is  Integral  of 
column  sKaft  on  lower  end 

(b)  Nut  Is  mounted  on  wonn  by 
means  of  ball  bearings 
and  travels  up  and  down 
worm  during  steering 
wheel  rotation  / 


Trainer:  61-2423 


Trainer:  59-2451 
Steering  gear  assembly 


Trainer:   59-2433  Worm  h  ffi 


Chart:  S9-3145 


(c)  Nut  has  tMth  on  out  t14t 
that  trt  ttiwrid  •n^m^ 

with  •  tfCtOf  Mtf  MMltid 

"^^^^^  ^s^^j^^^j"  ,■  ■'^^^Jd^P^'" 


(d)  Nut  has  tMO  9u1dtt  which 
assist  In  raelrcttlating  tha 
baarlngs  through  nut  to 
rtduct  friction  during 
turns 

Inspactlon 

(1)  Fluid  laval 

(2)  Housing 

"s  • 

(a)  Cracks,  laaking  gaskats  or 
saals  " 

(b)  Corract  mounting 

(3)  Column  shaft  allgimiant 

(a)  Dash  or  cowl  mounting 

(b)  Gaar  bpx  mounting 

(c)  Pravants  binding  on  ona- 
placa  shaft 

(d)  Dona  prior  to  "In-Box" 
adjustmants 

Adjustmants  -  (Manual  staaring) 

( 1 )  Di  sconnect  drag  1 1 nk  or 
relay  rod  prior  to  "In-Box" 
adjustments 

(2)  Worm' gaar  and  play  -  (Bearing 
pre-load)  *  (Clay  weight  method) 

(a)  Loosen  lash  adjusting  screw 
all  the  way  out- than  back 

.  in  one  turn 

(b)  Position  staaHng  wheel 
one  turn  off  althar  extroae 


(c)  Place  two  clay  weights  (H  lb) 
on  steering  wheel  rim  at 
10:00  or  2:00  o'clock 
position.   (Wheel  should 
hold) 

(3) 


(d)  Add  ont  addltlonti  Mtlght 
(Toul  3/4  IbXWNtI 
should  drop  toward  six 
o'clock  position) . 

(3)  Cross  shaft  backlash  -  (Lash) 

(a)  CtntAr  stttring  ooar  bty 
ditttnirinlng  .  total  nialbtr 
of  turns  from  ont  axtront 
to  tht  othor  -  ^  plact 
stotrlng  Mhotl  tt  mid- 
position  or  "Hl-poInt" 

(b)  TIghttn  lash  adjusting 
scroM  until  "Frat  Play" 
at  Pitman  am  has  bttn 
rwnovtd 

(4)  Upon  complttlon  of  both  adjust- 
ments ,  a  slight  drag  through 
mid-position  or  hi -position 
should  be  ftlt  -  a  spring 
scale  tester  may  be  used 

(5)  Most  modem  vehicle  manu- 
facturers recomnend  the  use 

.  of  a  torque  wrench  to  accom- 
plish the  adjustments  to 
their  specifications 

APPLICATION:    Para  A,  Part  1 

Interspersed  throughout  the  lesson 

EVALUATION: 

I.    Namfe  the  four  types  of  conventional 
steering  ^ears. 

Z.   Which  steering-gear  is  used- on  heavy 

duty  vehicles? 

3.  What  is  meant  by  the  term  "variable 

ratio"? 

* 

4.  What  should  be  done  before  installing  « 
a  new  steering  gear  cross  shaft? 

5.  Why  does  the  recirculating  ball  . 
steering. gear  nut  have  external 
tee^h  on  one  ^ide? 


6,   Define  the  term. "Hi -point". 


(4; 


I 


H  W  IWi  OF  Wf  SUMMRY 

1.  Sunmarlze  princlplts  of  optratlon,  function  «nd  r^Utlonship  of  tht 
follQwIng:  Typts  of  Stttring  GMrs,  Construction  features.  Insptc- 
tlon  «nd  Adjustmtnt  Procidurts. 

ASSIGfWENT:    CTT  POI  Pira  SA    '  2  Hf$  3ABR47330-S6-604 

1.    Read  SG  3ABR47330-604  A  604A.  PT-604  Convtnttonal  and  Powtr  Storing, 
using  the  SQ3R  method  of  study.  Write  out  answers  to  SG  questions. 

INTRODUCTION  TO  NEW  WS  VJQRIC 

1.  Arouse  student 'Interest  by  discussing  possible  systan  malfunctions  and 
-their  results. 

2.  Review  and  grade  outside  asslgnaent.  Re-teach  as  needed. 

3.  Briefly  review  how  steer1»»g  systems  are  Inspected  and  adjusted. 

PRESENTATION:  " 

1.  Ref:  5A 
Ref:  5B 
Ref:  5C 

,  a.    Types  of  hydraulic  power  steering 

(1)  Linkage  -  all  components  In  Trainer:  63-2995 
steering  linkage  except  pump  Power  steering 
A  reservoir  assea^ly 

(2)  Semi -Integral  pump  and 

*  ^reservoir  on  L.F.  side  of 

<.  engine  -  Power  cylinder  In 

linkage  -  control  valve  on 

gear  box 

(3)  Integral  -  Pump- and  reser- 
voir on  t.F.  side  of  engine  - 
control  valve  .and  power 
cylinder  In  steering  gear  case 

b.  Major  pow<r  steering  coiiponents 

(1)   Reservoir  -  holds  hydraulic 

fluid  for  system  use  Chart:  63-425 

(1  of  2) 
63-425 

(2  of  2) 

^  (5)  • 


i>3 


(2)  Pump  -  (Roller  -  vent  type) 

(a)  Belt  driven  off  engine 
cranksheft  -  positive  dis- 
placement 

(b)  Pressure  relief  valve 
located  In  pump  body, 
controls  system  pressure 

(3)  Control^alve 

(a)  Directs  fluid  flow  from 
pump  to  the  power  cylinder 

(b)  Valve  location  determines 
the  type  of  power  steering 

system 

(c)  Adjustable  to  prevent 
vehicle  "ct^eep" 

(4)  Power  cylinder 

(a)  Receives  fluid  pressure 
from  pump  through  control 
valve 

(b)  Increases  pressure  to  steering 
linkage,  lessening  driver 
effort 

c.      <  illing  and  bleeding  system 

(1)  Operate  engine  and  rotate 
steering  wheel  from  side 
to  side,  prior  to  checking 
fluid  level 

(2)  System  Is  self  -  bleeding 

APH  ICAT 101^:  A|soJnterspersed  throughout  lesson 

\      Rfci:    Para  b,  Part  1. 
Ref:    Para  c.  Part  1. 


Mechanic's  Hand  ft  Special  ic^O?:: 
Vehicles 

Benfh  Item:    Steering  Gear  As:/ 

1.  Remove  jewelry  In  ijt  ar.. 

2.  ^  Match  for  oil  spots  on  l  - 

floor 


ERIC 
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EVALUATION  1         *  . 

W        «n  end  pUy  or  bMrlno  prtloAd 

adjus tiRtnt  on  tht  vthic1«Y  .  ^ 

2.  What  controls  the  iMxImm  prtssurt 
of  a  power  steering  systw? 

3.  What  Is  mtant  by  the  tern  steering 

gear  allgnnent? 

4.  What  Is  the  major  source  of  trouble 
within  the  poiier  steering  tyste«7 

'  5.     What  Is  bearing  preload? 

6.  Where  is  the  control  valve  located 
on  the  siml- integral  power  steering 

system? 

7.  What  is  the  purpose  of  the  hour- 
glass worm? 

8.  What  are  the  major  components  of  a 
power  steering  system? 

9.  What  Should  be  used  to  chick  the 
lash  or  backlaah  adjustment? 

10.  What  is  indicated  when  wheels  creep 
to  one  side  with  front  wfieels  jacked  up 
^nd  engine  is  running  on  a  power  steer- 

ino  system? 

11.  wnat  is  the  last  item  installed  when 
instdlling  a  steering  gear? 

12.  i^ow  is  air  removed  frwi  hydreullc 
power  steering  system? 

1".      What  position  should  a  steering 
gear  be  in  to  make  a  crosi  shaft 
adjustment? 

Why  should  it  be  in  this  position? 

X. 

*  x 

14.      Would  you  have  a  steering  kick  back 
on  a  vehicle  equipped  with  power 
'  steering?  Why? 

*  15.      How  do  you  check  and  correct 
steering  alignment? 

(7) 


16.   What  safety  Items  art  observed 
while  Morklng  on  manuel  end  power 
steering  systems? 


CONCLUSION 
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SUMHARY  AND  REMoflVATION; 

AssiG««nr  «e  etosiK,  m  poi  nr.  a.  «.  ic   :  ,S  iMMnjo-SMos 


*  / 


(8) 


X 


OATC 


iNtTMUGTOfI 


eouMI  TiTCt 

iLBuoQiMiiailft. 


Par*  ''T 


Ftm  Alignment  and  Wheel  B 

alancing  , 

«k«w<«mK  Laoora  wry 
040  3-hrs/Ptrf  3  hrs  ^ 

rwumwiwiiii/Cttiip  1  wnntary  1 

1                  2  hrs 

TOTAC 

8  hrs 

^01  ttt^EtfMCt 

-mSOTU  (                                               \"It%   —  ' 

STS  473XTK       ^                                    i  "Y'septewber  1974 

tlGNATUflC 

SUMIIVISOII 
OATB 

AmiOVAL 

•lONA^HW 

OATt 

^RICLAU  MfPARATION 

COuimCHT  LOCATCO 
•  N  LASOHATORV 

COUiMiCMT  <^ 

CLAMirjIDMATCIIlAL 

ORAPHtC  AlOS  A  NO 

d.  Wheel  Balancer 
1.  Vehicles. 

3.  Mechanic's  Conmon 
Hand  Tools 

4.  Special  tools 

None 

None 

1.  3ABR47330-SG-605 

2.  3AB^47330-PT-605 

3.  3ABR47330-PT-605A 

4.  Fnm:TVZ7-662 

5.  Trans :T71-3591A 

OITEWOM  OBJECTIVes  AMD  MACMIMO  ST  BPS 

fimr 


a.  Without  references,' identify  basic  facts^reTati've  to  th6  princiDles  of  ooeration 
Iur70;*a?22raly      "'^^''''^  ^rame  allgnnent  comportents  ind  ShSirbalaS^^ng  ' 

b.  ,  Provided  with  technical  orders,  tools,  and  teVt  equipment,  vehicles   and  oractfrino 
•  automotive  personnel  and  equipment  shop  safetT^J&.Sfsual,  wdltS?;, 

^Sl?ca%"fon's''  ^^'^  balaJc7fAS1e?hI?cJl 


Teaching  Steps  are  Listed  in  Part  II. 


ATC  770 

*■    AUO  T2  ''w 


ERIC 


c 


inrnokrim 


20  Mln 


2. 


3. 


Attention  and  Motivation:   Describe  the  action  of  a  vehicle  that  "doo-tracks"  or 
vfbratts  excessively  at  certain  speeds.   Explain  ^hat  undersunding  of  today^s 
objectives  wtn  enable  them  to  eliminate  sOth  unwanted  conditions  from  vehicles. 

Review:    Review  and  grade  swwiary  questions  frdm  3ABR47330-SQ-605.  Give 

an  appraisal  on  SG-605A.  ALSOcheck  each  student's  3ABM7330-PT-605  to  Insure  comr 

p  let  ion  of  all  frames  In  text.  7 

Overview  and  TIE-IN:   Describe  the  sequence  In  which  the  lesson  will  be  presenter 
and  the  responsibility  each  student  wlll^have  durtng  the  presentation  and'aoDli- 
catlon  steps.   Explain  that  pr6per  frame  alignment  and  wheel  balance  add  to 
the  ease  of^vehlcle  handling,  as  does  the  proptr  operaltlon  of  steering  gear  as- 
semblies.  Remind  students  of  energy  end  mattrl alt  conservation. .  (H^t! 
light,  cooling,  and  study  mateHals). 


'  BODY 
PRESENTAION: 

1 .     Ref :  Para  a.  Part  1 

a.     Frame  alignment  and  tracking 
(U   Frame  components 

(a)  Side  rails  or  members, 

(b)  Cross  members 


(2)    Definitions  pertinent  to 
frame  e^gnfnent 

(a)  Wheel  base  -  distance 
from  front  wheel  spindle 
to  rear  wheel  axle  with 
wheels  in  straight  ahead 
position  and  "toe"  equally 
divided  * 

(b)  Tracking  •  equal  wheel  base 
on  both  sides  of  vehicle 
and  all  wheels  In  their 
original  relationship  to  ' 
each  other 


(3)  y Suspension  problems 

I 

(a)    Knee  back 
*  (b)   Rear  axle  shifted. 


5  Hrs  20  Min 

> 

V 

'3ABR47330-SG-605 
3ABR47330-PT.605 
3ABR47330-PT-605-A 
(Study  materials  to  be  re-used) 


( 


\ 


(1) 


(4)  ^rame  Omge 

(a)  Diamond 

(b)  Swayed 

(5)  Use  of  Tracking  Geugt 

(a)  A)sen61e  giuoe  and  set 
to  the  vehicle  wheel 
base  specifications. 
(Driver' 1  side) 

(b)  With  no  ch4ti^  In  gauge 
setting,  csapare  to  passenger 
side  of  vehicle 

(c)  Indications: 

1     Equal  Mheel  base,  but. 
Incorrect  tracking- 
(Trame  daaage) 

i  «  Unequal  wheel  base  and 
incorrect  tracklng- 
(Suspenslon  problems) 

(6)   Determining  extent  of  frame  damage 

(a)  visual  Inspection 

(b)  "Projection  method"  to/ pinpoint 
damaged  area  of  frame 

1  Plumb, Bob- (Minimum 
of  eight  points) 

2  Chalk  L1ne-(Center 
Line  and  two  diagonals) 

3  steel  tape  meesure- 
(Usually  3/8"  overall 
tolerance) 

Wheel  Balance 
(1)   Purpose  ^ 

(a)   Eliminate  excessive  vibra- 
tion which  normally  results 
Jn  tire  ahd  front  end  - 
component  wear 

•  (2) 


(2)  Pr«11«1fi«ry  Insptcv.on  of  mIimI 

(a)  Rinove  all  old  MOights 

(b)  Ronovo  dried  and  cakod 
mud  fron  Mhttl 

(c)  Remove  rocks,  nails,  and 
glass  from  tire  tread 

(d)  Check  wheel  bearing' 
adjustment 

(e)  Check  wheel  run-out 
(one  eighth  Inch  is 
maximum  tolerance) 

(f)  Check  tire  pressure 

(g)  Check  for  dragging  brakes 

(3)  Unbalanced  wheel  conditions 
(a)   Static  (still) 


1     Caused  by  heavy  spot 
on  center  of  tire  tread 

Z      Results  Initially  In 
lew  speed  up  and  down 
wheel  pounding  action 

(b)   Dynamic  (running) 

1     Caused  by  heavy  spot 
off  center  of  tire  tread 

1     Results  In  high  speed 
side  to  side  wheel 
wobble 

Demonstration  regarding  the  pre- 
paration and  use  of  tracking  and 
wheel  balance  equipment 

APPLICATIOH: 

1.     Ref:   Para  b  Part  1 

(Also  Interspersed  within  lesson  body 


c. 


Film:  TV77-662 
Wheel  Balance 


Transparency  T71-3591  (A) 


Wheel  I  Tire  Balancing 


Hand  &  Special  Tools i 
Vehicle;  Wheel  Balancer 
Remove  Jewelry  In  lab 
Watch  for  oil  spots  on  lab  foor 

\ 


VALUATION: 

Otfint  the  urms  '*Mhtt1  bist"  and 

\  "tracking". 

List  th«  framt  misalignment  conditions. 

Identify  conditions  of  Incorrect  tracking 
not  caused  by  frame  damage. 

xplain  the  use  of  a  "pluinb  bob". 


db| 


must  we  have  a. minimum  of  eight 
p  po1nts7 


6.  Whiit  Is  the  difference  between  static 
an<f  dynamic  wheel  balance? 

7.  Whidn  item  in  the  preliminary  Inspection 
would  most  conclusively  prevent  satisfactory 
wheel\  balance?  , 

8.  Where  We  the  wheel  weights  placed  for 
correction  of  static  unbalance? 

Oynamlcif 

9.  What  is  the  purpose  of  the  number  two 
(2)  scale  on  the  alemlte  portable  balancer? 

10.     liow  are  rear  wheels  balanced? 

CONCLUSION  20  Hin 

SUMMARY  AND  REMOTIVATION: 

1.     Sunwarlze  principles  of  operation,  function,  and  relationship  of  fraaie  allan. 
«T«nt  components  and  wheel  balancft  factors  (side  rails.  owsaSIb^ 
tracking,  knee  back  condition,  diamond  condUlon  sweJedSLiHal^ 
shifted  condition.  sUtic  unbilanS^wd  dlSaiiriiiSl^  IllLi2i* 


\ 

■Jl 
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2.    Point  out  major  benefits  that  may  be  derived  frow  a  thoroueh  understendlM  «f 
frame  a  ignment  and  wheel  balanca  prinalples.   Remind  sSStilTSllSi^J 
««ter1als  conservation.    (Heat,  light.  cSollng.'ISItuS^ 

ASSIGNMENT  AND  CLOSURE:    CH  P.O.I.  Para  6A.  6B^,  2  Hrs  3ABR473?0.S6-606 

1.     Usina  the  S01R  method  of  study,  read  SG-3ABR47330.606  and  PT  3ABR47330.606 
and  606A.  *     ^wer  sunmary  questions  and  conulet^  text. 


Shock  .bsortM^  .»*rtlJUd1o  ^.^lin '"^ 


{  . 


(^) 


/ 


O  f 


APPMovM.  orriet  and  oArt 

TVISTl  A^7c6  7S 


eOttHM  NVMtll 


COUftM  Tm.t ' 

SMMTil  PUfPQM  VmiClt  — 


1 4»r«  t 

■  Ptrt  t 


TttlC 


Stetrlfw  Factors.  Springs,  and  Shock  Absorbtrs 


cui«nooM/La5oritoiy 
DM)  4  hrs/Parf  2  hrs 


[4aiMM(/C0Mpi  oMntary 
2  hrs 


TOTAL 

8  hrs 


C  MUMBtR 


wuMiW  

STS  473X0 


»T>/CTt  tMMCe 


OATt 

3  Stptubtr  1974 


SUMRVtlOlt  A^MOVAL 


ItOMATUfIt 

OATI 

•fONATUW 

OATC 

* 

PRfCLASS  ^AMATION 


COuiPMCNT  LOCATCD 
tN  LAeoNATOflY 

COuiMtMT 
FHOM  SU^LY 

CUAItirif D  MATtniAi, 

SNAPNIC  Aim  AND 
UMCUAMIf ICO  MATtRIAi. 

^1.  Trainer:  60-25^8 
fZ.  Trainer:  61-2432 

3.  Trainer:  61-2878 

4.  Trainer:  VE-1102 

5.  Portable  Wheel 
Alignment  Equip. 

/ 

None 

None 

1.  3ABR47330-SG-606 

2.  3ABR47330-PT-6O6 

3.  3ABR47330-PT-6O6A 

CftlTf  AlON  OftJCCTlVCS  AND  TEACNINO  STf  n 

-'■  ■■ 


a.  Without  references,  identify  basic  facts  and  terms  relative  to  the  principles  of 
operation,  functioi|,  and  relationship  of  steering  factors,  springs,  and  shock 
absorbers  with  70t  accuracy. 

b.  Glv^  technical  orders,  tools,  and  equipment,  vehicles,  and  observing  automotive 
personnel  and  equipment  shop  safety,  repair  or  adjust  steering  factors,  springs. 

.  and  shock  absorbers  lAW  the  technical  publications. 

c.  Supplied  witK  tools  and  equipment,  vehicles,  technical  orders,  and  applying 
automoMve  personnel  and  equipment  shop  safety,  use  visual,  operational  means^ 
and  test  equipment  to  check  steering  factors,  springs,  and  shock  absorbers  lAW  . 

I  technical  publications.  '* 


Teaching  Steps  are  Listed  in  Part  II. 


*TC  770 


SkfB  IL  :i  2<M9A 


INTRODUCTION  2£M1n 

1.  Atttntioft  ind  Motlvitlon:  Ask  studtnts  why  «  vthlclt  1$  difficult  to  stt«r 
whtn  driving  In  ''reverst".   Also  why  a  v«h1c1t  stttHng  wht«l  rttums  to  the 
straight  ahMd  position  afttr  turning  a  corntr.  Explain  to  tht  students  that 
the  orlnciolfs  which  thty  art  about  to  Itam  art  applicable  to  all  vthlclts  and 
tl^ref ore  quite  valuable. 

2.  '  Review:   Review  and  grade  sunnery  questions  from  3ABR47330*S6««06.   Check  each 

student  3ABR47330-PT-606  and  3ABR47330-FT-606-A  to  Insure  correct  conpletlon 
of  each  frame  In  the  texts.   Rerteach  as  neeoed. 

3.  Overview  and  TIE  IN:   Describe  the  sequence  In  j^lch  today's  lesson  will  be  pre- 
sented and  the  responsibility  tach  student  will  have  during  the  presentation  and 
application  steps.   Explain  how  each  previous  lesson  In  the  block  added  to  ease 
of  vehicle  handling,  safety »  comfort,  and  reduced  tht  overall  cost  of  vehicle 
component  replacement.   Remind  students  of  energy  and  materials  conservation. 
(Ifeat,  cooling,  light,  and  study  materials). 

BODY  5  Hrs  20  Min 

PRESENTATION: 

1.     Ref.  Para  a.  Part  1  ' 
a.     Shock  absorbers 

(1)  Types 

(a)  Single  acting  3ABR47330-SG-606 

(b)  Double  acting  or  3ABR47330-PT-606 

Direct  acting  (most  3ABR47330-PT-606-A 
connon  on  vehicles 

today)  (Study  materials  to  be  re-us,ed) 

(2)  Purpose 

(a)  Regulate  spring  rebound 

(b)  May  also  dampen  compression 
of  springs 

(3)  Construction  .  * 

(a)  ^uter  shell  and  base 

assembly  *  ' 

(b)  Sleeve  assembly  '  . 

(c)  Pressure  tube  ' 

(d)  Piston  assembly  j 


ERIC 


/ 


(4)  Op»r«t1ng  princlplts 

(a)  Hydraullcally  optrtttd 

(b)  Piston  forcts  hydravlic 
fluid  throuah  rtttiictftd 
optnlnQ  during  spring 
flexing 

Springs 
(U  Ty^is 

(a)  Lamina tad  Itaf  or  semi- 
(  elliptical 

(b)  /toll  springs  , 

(2)  Purpose 

(a)  Permit  vehicle  suspension 
flexibility 

(b)  Reduce  road  shock 

(c)  Support  vehicle  weight 

(3)  laminated  leaf  type  construction 

* 

(a)  Series  of  spring  tteel ' 
leaves 

(b)  Held  together  by  spring 
clips  and  center  bolt 

(4)  Coil  sprfng  construction 

(a)  Spring  steel  shaped  in  form^^ 
of  coll  K 

(b)  Designed  to  mount  between 
lower  control  arm  and  frame 
Ut  side  rail  and  front 
cross  member  or  above  upper 
control  arms) 

Wheel  Alignment  ^  . 

(1)  Definition:    Series  of  inter-related 
angles  of  various  front  end  components 

(2)  Purpose:   Allow  wheels  to  roll 
freely  without  scuffing  and 
provide  eas^  of  vehicle  handling 

f2)  ■  < 


AlloniBtnt  Anflts  (StMrIng 

(a)  C«nbtr  « 

1  Otflnltlon  -  liiMtrd 

~  (ntg)  or  otitNtrd  (pos)  ^ 
^      tin  of  tht  «itiMl  «t  tM 
top 

2  Purpost  *  off-stt  lotd 
"  defltctlon  (I-btan)  or 

ctnttr  tirt  trtid  at  ^ 
point  of  load  (Indt^'^ 
ptmtont  .suspontldn)  • 

3  Mtasufid  In  dagrott 
from  a  trua  vartlcal 
iaro 

4  Oaflnlta  tira  iMarIng 
angia 

a  Fxcasslva  pos  -  outar 
adga 

b  Excasslva  nag  -  Innar 
adga 

5  Causas  wear  on  king  pin 
bushings  or  ball  joints  - 
also  ins Ida  whaal  baar- 
ing  waar 

6  Can,  but  doas  not  usually, 
causa  vah1c1«  pull  (toward 
more  pos  s^ida) 

j^*  Weight  distribution  . 
r  inside  vehicle  has  a  direct 
effect  on  canbar  battings 

•  ♦ 

(b)  Caster 


1  Oafinltion:  Baclmard 
(Pos.)  or  fonrard  (Nag.O 
tilt  of  thr  king  pin  or 
steering  axis  at  the  top. 

2  Purpose 

a  Steering  stability 


Trainer  60*2538  Uhaal  Alignment 
Rigid  Axit  1- 


61-2878  Ball  Joint  Susptnslon 


-A, 


0  , 


vainer:  60*2538  Rigid  Axle 
61-2878  Ball  Joint  Suspansi 


(3) 


b  Rtturn  whctls  to- straight 
«b««d  posttlljh  afttf  turns 

c  .  Off-sft  "road  crown" 

J.  N8«sur«d  In  doartts  fron  ^ 
a  'trut  vertical  ztro 


Dots  not  dirtctly  cause 
tire  wear 

4  Effects  of  incorrect.'  ^  ' 
caster  . 

a  liard  steering  '  - 

difficult  to  turn  -  ' 

(pes)       ■  .  .  ^ 

b  Road  shock-(pps)      .  ' 

c*^Sh1niny  -  (pos)  . 

^  Pun  Co  one  side  - 

(pos ,  equal  or  neg  - 
depending  on  road  ' 
■  cromm  and  setting)  ^ 

'      ■     -  .   •  -t 

,     e  wander  -  (neg) 

f  Parts  wear  due  to  all 
•of  the  above, 

5  NOTE:   A.vehlcle  will.  ' 
always  "Pull"  toward 
the  leas^t  posltfye  or  * 

,  ^.    moit  negative  creter 
setting  v 

(c)   Steering  axis  Inclination  (S.A.I.)  - 
(king^pln  Jhcllnatlon  or  K.P^-) 

-  J,^^  (Po*-)      Trainer  60-2538  Rigid  axle 

Tilt  of  the  king  pin  or  61-2878  Ball  Joint  Suspension 
steering  axis  at  the*top  ^  ^»w.jwi»ion 

2-  Purpose 

a  Steering  stability 


-  t 


b   Return  wheels  to 

straight  ahead  position 
after  turns  ♦ 


6  .Pre-il«t«nn1iMd  angU  set 
at  factory  -  not  adjustable 

4 

7  Readihgs  affected  by  work 
done  on  tit  rod  linkage. 
Incorrect  toe  or  bent  arms 

^  Readings  ^ould  be  taken 
after  otheiVactors  are 
set  to' specifications^  V 


(e)   toe  (in  or  oiit) 


1  Oefihltion  -  comparative 
difference  In  distance 
betuMen  front  and  rear 
portions. of  front  Mheels, 
when  measured  at  spindle  " 

"  height 

2  Purpose  -  off-set  the 
compress loM  rear  mount- 
ed) or  extension  (front 
mounted)  of  the  tie  rod  ' 
assembly,  due  to  the 
forward  motion  of  the 
vehicle  (wheel  spread) 

Z  Measured  in  fract'lons 
of  an  Inch  . 

4  Worst  tire  wearing  angle 

5  Adjusted  by,  lengthening 
or  shortening  the  tie 
rod  assy. 


APPLICATION: 

1 . ,    Ref ;    Para  b.  Part  1 
Ref :   Pafa>fc»  Part  1 
(Also  Interspersed  wtthin  lesson  bodyj 


•  •  / 


Trainer  VE-n02  Caster«  Camber, 

Toe 


.1  ■ 


EVALUAIION:  '         \  "  ' 

1.  ,  Name  and  define  each  steering  factor. 

♦  * 

2.  YxpTain  the  purpose(s)  of  eacji  factor. 


en  - 


'Portable  A11gnmen|^  Equipment  / 

Rcfllctye*  JfKelry  in  lab  area;  . 
Watch. for  oil  spots  on  lab  floor 

.Vehicles^  * 
^9rtab]e  allgiliient  equipimt 


3.  tocribt  tht  purpost^s)  of  shock  ibtortoors 

4.  Explain  tho  optntlng  prlnclplts- of  « 
dIrMt  ictlm  shock  ^ihsorbors, 

5.  Expliln  thrpurposo  of  vthlcit  springs. 

6.  Which  stoorlng  factors  iro  not  adjustable? 

7.  Which  factor  causos  Bost  tiro  wtar? 

8.  Which  factor  dots  not  directly  cause 
tire  wear?  - 


-4^ 


r. 


9.    Explain  .th#  tema  "scrub  radius"  and 
"road  crown**? 

10.     What  determines  the  side  to  which  a 
vehicle  leads,  when  setting  caster? 

n.     How  does'  excessive  iiA.I.  affect  wheel 
bearings?  ^\ 

12.  Uhat-controls  the  degree  of  turn  in 
steering  geoMtr^?  . 

13.  How  does  incorrect  toe-in  affect  tires? 

14.  List  the  "Incloded  'ahgTes'*  and 
explain  how  this  term  Is  derived. 

I  ^  *  -  ^ 

15.  4fWh1ch  factor  is  primarily  responsible 

for  king  pin  pr  ball  Joint  wear? 

16.  When  is  a  vehicle  aligned  at  curb  weight?- 

17.  How  are  shock  absorbers  checked  for  condition? 

18.  How  is  the, steering  linkage  checked  for 

ilooseness?, 

X'       ■  ■  . 

Which  factor  wduld'cause  tire  sqeal  wh'fle 
'    rounding  a*  curve  at  low  speed? 

•  *  * 

^0.  Which  adjustnent  is  made  on  a  steering 
■  ^    tgear  when  it  is  on  -high  point  or  mid- 

^  .  ^  position"?  *  • 

'  ;    '  ;    '  CONCLUSION* 
SUMMARY  REMQTIVAtlON: 


1 


IfiMin 


•y 


(canbtrs,  c»st»r,  stNring  «x1s  IncllWlon,  tunjlng  radlui  (  toe) 


1     ^  :. 


springs.  (Itaf  and  coll  typt)  and  shock  absorbtrs  (singit  and  doublt  acting); 
repair  and  adJustRtnt  pfocidur«s  for  stttrlng  factors  •  springs  tfid  sKock 
absorbers;  matKods  allowing  . visual .  auditory,  optrattonal  atant  and  test 

yequlpmant  to  chaclc  statrihg  factors,  springs,  and  shock  absorbtrs. 

,  *  *  -      -J  .      .  * 

2.  ^  Point  out  the  versatility  which  the  knoMledoe  of  steering  factors  will  nOM 
pennlt  each  student  when  performing  wheel  aligiinent.   Rmlnd  students  of 
'  energy  and  materials' conservation.  '  (Heat,  cooling,  light,  <stu^  materials.) 

ASSIGNMENT  AND  CLOSURE:    C.T-..T.  P.O.I.  Para  7a,b,c,   2  Hrs  3A8R47330*Se-608 

1.     Usinathe  SQ3R  method  of  study,  read  SG-3ABR47330-607  and  PT-3ABR47330-607A . 
Answer  suRinary  questions  and  Complete  text. 

;  ■ 

•  2.    We  hav^  now  completed  today's  lesson.   In  our  next  lesson,  we  will  learn 
how  these  factors  are  put  to  best  use  on  Beam-Type  front  axle  suspensfan 

systems.  ^  \  , 


ST 


INtTRUCTOII  , 


•bOCK  TITUI 


km  vh<n> 


P3ir»  T 


I- 


.Strvlce  and' Adjustinent  of  B«. 

M»-Typ«,  iFront  Axle  Suspension  System 

MO  .2  hrs/Perf  4'hrs 

LCMOM  bURATtON 

IIJfXXIIMI/ Complementary  1 

WM  •wM»ice  .  

STS -473X0  -.                    ^     V.          -      I^  W^M..  ™ 

—   V  

DATI 

DATE 

i 

•  • 

rMkHATidN  ' 

[ 

jh'labohatowv 

Vehicles 

Trainer:  61-2422 
3,  Trainer:  60-2538 
4;  Portable  Wheel 

Alignment  Equip 
-S^cuff  Tester 
6.  ^Mechanic's  Conrion 
'  Hand  tools  (OVER) 
t  '  •  


None  r. 


CLAUiritQ  MATCRIAL 

None 


CWITEWtOM  OBjeCiyveS  amo  TgACHiNC  STEPS 


OMAPMIC  AiOS  ANO 

1.  3ABR4733a-SG-607 

2.  3ABR47330-PT-607A 

3.  T036A2-a-6-2 

4.  Film:  TVL-  47-4 

5.  T036A2-3-6-^2-a 


b. 


C. 


Without  references.  Identify  basic  facts  and  terms  relative  to  the  prlncloles  of 

iTt^^iii^^^^^^^^  axle  sMss'?;rteS' 

fV-ont  axle  suspension  systems  fAW'the  technlcaJ  order  beam-type 

SuppHed  wltH  ttehntcal  6rd«r$,  vthielss.  tools.  andMuiamanr  >nH 

a^onotiv.  p.rsonn.l  and  «,u1p.^nt  step  i.my^'us.  vuSlirSjir«?oSI?  «Jls'  , 

iSSlUUi^s!"^"*     c(»ck,b.«,-typ.  frwt  .Jle  sysp.n»lo^  SJJSis  ?Ai  Seal 


Teiching  Steps  are  Listed  in  Part  II. 


er|c 


f 

J 


I 


-X3 


•  « 


•  * 


J 


EQUIPMENT  LOCATED 
IN  LABORATORY 

7.  Special  Tools 

8.  nodr  jacks 
9;  Jack  stands. 


In 


4 


ERIC 


It 


y 


r: 


illlMUUUCnQR 


2. 


3. 


Attention  jind  Motlvitlon:   ExpUln^to  stud«nts  that  straight  «x1«  su&ptnslon 
Mas  ustd  on  passwigtr  cars  at  ont  tlmt.  CrAatt  a  brlff  dlsjpusslon  by  asking 
Krfhy  thty  art  «yo  longar  ustd  on  passtngtr  cars%   Point  out  tht  currtnt  Jack'  of 
know1ad9«ab1a  ptopi a,  capable  6f  corrtcting,  adjusting  afid  sarvldng  8i«^  ' 
Type  suspension  and  how  the  student  i^y  g^ln  through  understanding  of  this 
system. 

•Review:  Review  Sunmary  questions  frois  3W47330-SG.60^.  Check  frone  cowletlon 
in  each  student*s  PT.607Aand  607A.  -  Reteach  students  as  needed. 

Overview  and  TIE-IN:   Discuss  the  sequence  In  which  the  lesson  Is  to  be 
presented  and  what  each  student's  responsibility  *»in  be  durtng  the  presentation 
and  application  steps.   Explain  how  kriowledge  of  steeMng  factors,  plus  an 
understanding  of  Beam-Type  suspension  systens  conblne  to  allow  goodMheel 
alignment,  .Remind  students  of  energy  and  mateiMals  conservation,  (heat, 
cool 1 ng •  1 1 ght •  study  materl al s ) . 


PRESENTATION 
1.     Ref:    Para  a.  Part  1 

a.  /  Constructional  features  and  components 
(1)  Axle  / 
'  ^(a)    I  Beam  (dead) 
(b)  Tublar 


\ 


(2)  Springs^  (leaf  type) 

(a)  Center  bolt 
(j)  U-bom 

(c)  Shackles  and  Hangars 

(d)  Rebound  Clips 

(3)  Steering  knuckle  and  Integral 
spindle 

(41  Kjng  pin 

*  * 

*      (a)  Bushings 

(b)  Bearing  (thrust) 

(c)  Steel  shims 

(d)  lock  pin 


5  Hrs  20  Min 


Trainer  60-2S38  Wheel  Alignment 

3ABR47330-SG-607 

3ABR47330-PT-607-A 

(Study  materials  to  be  re-used) 


(S)  StMflng  knuckit  am  ^ 
StMrIng  %m 

(7)  Tit  rod  .  ' 

(8)  Tit  rod^tnds  (2  ta)  ' 

(9)  Drag  link  •  ' 
(a)  Adjustable 

*  (bj  Non-adjustabit 

Fllii  #  TVL  -  47-4  rorUll 

(10)   Shock  absorbers        -  , 

Preliminary  inspection  -  front  ' 
end  allynaent 

(1)  Curb  weight 

(2)  Tires 

(a)  Pressure 

(b)  Size 

(c)  Tread  Depth 

(3)  Wheels 

(a)  Lug  nuts*  ^ 

(b)  Bearings 

(c)  Run  out  -  (Lateral  and  Radial)  • 

(4)  King  pins  and  bushings 

(5)  Front  and  rear  suspension  -     '  .  ^. 
loose,  damaged,  or  missing                ^  -  >  - 
components  r 

(6)  Steering  linkage  )' 

(7)  Center  steering  gear 

Adjtj&tffltnts.  corrtctlons.x 

and  repair  ^  f  • 


(1) 


(•) 

(b) 


(0 


Not  MjufUblt 

Gorrtct  fay  bendiM  axlt 
tnds  In  dMiftd  d  ftctio 

1  Up-Ntg«t1vt 

£  DoHn-Posltlvt 

K.P.I.  Also  chtfigM  In 
coiparlton 


(2) 


Cuttr 


(a) 


Adjust  by  adding  or  sub- 
tracting taptrad  shiM 
batMnan  axla  and  springs 


(b) 


PiMltlon  thick  part  of 


shiMS  toward  tha  diractlon  you 
want  king  pin  to  tilt , 

1  Thick  part  fPn«ard  - 
Ntgatlva 

2  Thick  part  back  - 
Posltlvt 

(3)  King  pin  Inclination.  (K.P.I.) 

(a)  Not  adjustabia 

(b)  Corracted  during  cin^ar 
^changa  -  . 

(c)  Raplaca  parts 

1  Canbtr  o>rrtct«d,  K.P.I, 
usual  lyNs  corrtct 


2  Ca«btr  corract  and  K.P.I. 
Is^wrong,  rtplaea  statr- 

Ing  kMickIa  with  Into-  * 
gral  splndia 

3  Rachack  cwtsi' 
(4)  StaaHng  gaoMtry 

(a;  Not  adjustabia  Tralnar  (1*2432  Staaring  gaoMtry 


(b)  Mot  eormted 

(c)  KtpUcil  ^rts  st«tr- 

(5)  To«  (In  or*  out) 

(i)  To  adjust,  Ungthoo 
or  shorton  tlo  rod/ 

(b)  Dtid  oxlt.  tlo 

locatod  / 
bohlnd  axlo 

■*  I 

(c)  Livo  MiO  -  tlo  iM 
nay  Sonotlnot  bo 
locatod  In  front/ 
of  axlo  / 

(6)  Position  stooring  goAr.  with 
lirtwoU  straight  aho^ 

(a)  Adjustablo  draii  link 

(b)  Non-adjustablo.  drag  llitk 


APPLICATION: 


Ref:    Para  b.  Part  I 
Rof :    Para  c.  Pvt  1.  / 
(Also  Intorsporiod  within  los^on  body) 

EVALUATION:  / 

« 

'I.   What  aro  tho  adjustablo /factors? 

2.  To  incroaso  posltlvo  calnbor,  what 
would  you  bo  roqulnid  jco  do? 

3.  How  Is  castor  adjusted? 

«         /  ^ 

4.  If  canbor  Is  oorroct  and  K.Prl.  Is 
wrong,  what  should  bo  dono? 

r 

Why  aro  stool  shim  Includod  In  a 

king  pin  kit? 


6< 
« 


What  should  bo  dono  with  boot  stoor- 
ing knucklo  arM? 


7.   What  safety  pract'lns  should  bo 

obsorvod  during  l-Mm  axlo  corrtctlohs? 


Tralntr:  $(^2938  Nhoti  Allgmtiit 


T.O.s  3«A2-3-ft*2 

^  36A2-3-6-22-1 


Portablo  idiool  olloiMont  oqulpMnt; 
scuff  tostor;  Hand  I  Spoelal  Tools 
Vohlclot;  Floor  Jock;  Jock  sUnds 


Rmovo  Jowolry  lin  lab  ^ 
Watch  for  oil  on  Job  floor 


CONCUeiON 


20  mn 


SUMURY  ANO  RENOTtVATION: ,  '  r 

I*.  SuiiiMr1|t^1ne1v»1t$  of  opffttlon*.  function- »nd  rtlitlonshlp  of  Btam- 
Typt  fiSont.ixU  $usp«i$1on  systM  conpononU  («xlt..  king  pins,  stftring 
^"iS^l**^"*'^^^*         t^t-fodt,  ttc);  ftdiustpmt'^nd  strvico  procadurts; 
Mthods  for  visual .  auditory,*  optratlonal  Mans  M  tint  tqulpMnt  to  . 
cha^k  BaaRHTypa  front  akla  suspanslon  systam.  ' 

2.   Explain  MlvantlBOs  of  balno  knowladgaatola'ln  this  spaclallzad  irta  of  tha 
GaAaral  Purposa  Cjirtar  flald.   Ranlnd  studants  of  anarfty  and  matar1a>s 

•  consfrvatlon. 

ASSIGNMeiT  AND  aOSURE:    CTT  TOI  Para  8A,B,C,"'  2  Hrs    .  / 

1.  Using  tha  SQ3R  rtathOd  of  study,  raad  SG-3ABR47330-W8.   Answar  sunnary 

•  quastlons  and  conpUta  tha  Uxt.  • 

2.  Wa^()«va  noM  concludtd  whaal  allgnmant  proeaduras  and  sarvl'cing  for  valildas 
'  using. Baam-Typa  front  axia  suspanslon  systams.   In  our  naxt  lasson,  m 

win  accomplish  tha  sama  proeaduras  on  Indapandant  suspanslon  systm* 


0 


(5) 


ERIC 


LU^M  PLAN  ( »tt  L  C«xNt) 


7 


STSA73X0 


OATI 


3  Stptiiiiibtr  1974 


SIGNATUAi 


DATE 


SIOMAruHK 


OATC 


tOUl^«lCNT  UOCAT^O 
IN  LAMMATOlltr 


>l*eCLAll  PM^AIlATlbN 


'  cqumcMT 


CLAftlFtCO  mATCMlAl. 


9IIA#MIC  AfOI  Alto 
UNCuAttiriCO  MATVniAw 


1^: 


3^ 
4. 

5.. 
6. 

^ 

7. 


Vehicles 
Traintr: 

Tralrtw: 
Trainer: 
Tral ner : 
Mechanic's 
Hand  Tools 
Special  Tools 


61-2878 
61-2432 
VE-1003 
VE-lip2 
Coninon 


None 


None 


1.  3ABR47330-SG-608 

2.  Ta36A2r3-l4.?-l 

3.  T036A2-4-17-2 

4:  Chart :CAF663-359 

5.  Chart :CAFB62-829 

6.  Chart :CAFB62-827 

7.  Chart :CAFB62-828 

8.  Chart :CAFB66-34 


CRtTCmON  01JECTIVE5'ANP  TEACMIM  iJ€P% 


a. 


b. 


^      —  f  -  .  

without  references,  identify  basic  facts  and  ten»is  relatSie  to  the  principles  of 
**P'r*Sl2"»  function,  and  relationship  of  independent  suspension  system  components' 
with  70%  accuracy.  '  ^  ^   .  • 

Supplied  with  vehicles,  technical  ,orders,  tools^  an^  equipment,  and  observing 
automotive  personnel  and  equipment  shop  safety,  adjust  and. service  1n4ependent 
suspension  systems  I  AW  technical  ^bllcatfons. 

■  *  ^  .  \    '  " 

Provided  with  vehicles,  tools,  and  equipment,  technical  publications,  and  applying 
automotive  personnel  and  equlpmnt  shop, safety,  use  visual,  operational  means  and 
test  equipment  to  check  Independent  suspension  systems  lAW.the  technical  order. 


Teaching  Steps  are  Listed  in  Part  II. 


• 


EQUIPHENT  LOCATED 
IN  LABORATORY  ^ 

8.  Floor  Jacks 

9.  Jack  stands  « 
10.  Scuff  Taster 

U.^  Portable  Altgnment 
Equipment 


ERIC 


GRAPHIC  AIDS  AM) 
UNCLASSIFIED  WAT. 

■m 

9.  Trans:  7I-3590 


i  9  s 


[NTNOOUC^i 


20  Hin 


2. -    RtvltM:   Rtvlcw       gradt  th«  sunmary  qutstfftts  from  3A0R47330-S6- 608 

.Re- teach  as  needed.  » 

3.  ^vtrv1«^^:   Explain  tht  sequtnct  in  which  today's  lesion  Is  to  be 

tJJil*SJ!5iJII.*II?*J!"f*I*'*  '^POWlMHty  during  the  presentation  ancT  appllca. 
tion  portions  of  the  lesson.   Stress  how  today's  lesson  objectives  tie-in 
with  the  Objectives  previously  covered  In^Bew^Type  susmmIm  ivstM 
^emlmj  students  of  energy  an/ maUrUls  coSi^Z'^^cSSiri^ 
^  s'tudy  materials) 


BODY 


PRESENTATION 
1.     Ref  Para  a,  part  1 
'  a. 


Constructional  features  and 
continents 

(1)   Coil  sprjng  suspeosion 
system  c9mponent.s 

(a)  'Control  anQs-( parallel 

arms  or  "A"  fraaies) 

1  Inner  cross  shaft 

2  Bushings 

(b)  Ball  joints 

1  Usually  riveted  to 
outer  end  of  upper 
and  lower  control 
arms      '  * 

2  Provide  steering  axis 

<c)   Spindle  support  aims  with 
integral  spindle 

(d)   Coj1  aprings 

,  1     Located  tjetween  lower 

'  control  arm  anil^i 


(large  sedans) 


10  Hrs  30  Mln 


3ABR47330-SG-608 

(Stu4y  materials  to'be  re-used) 

\  •  . 

Trainer  41-2878  Ball  joint 
4  Suspension 


.....  •  ,  - 

,  ,   2    .io«atid  bitNttn  upptr         CHAIfT:  62^829  t 

^         ^  cdntroV  im  •nd,?ii»      .  Fa^Mitt^fr^nt  luspmion 

brtclMt  In  fm4^  Mtll 

(SiRilltr,  ll9httr,  stdim)  .  - 

3     Spring  Icfcitlon  d^ariRlrws  f 

pltc«iitnti)f  floor  jtck  '     ^  ^  ' 

Mhtf)  chocking  ball  Joints 

(o)  .Stablllzoplbar 


1     Singlo  bar^  aiountod 


A' 


acms  frdiio  horns  Of 
vohlcU  doim  to  link 
.    at  tach  loi<tr  control  * 
arm,'  *  *• 

2  .  Dtslgntd  to  prevent'         «  • 
^  vohlcla  ••rol.l-ovtr'' 
:^silur1ng  high  ^spoid  turns 

(f)  slrut  rods        >  ' 

1     Ont  M  oacb  sida  of  vehlclt, 
attadmd  botMttn  outar 
and",of  lOMtr  control  arm 
^       and  framoliorn. 

.1     Minor  castor  ad^stAant 

*■  '  .     •     '      ^  _ 

3  Primary  usa  Is  to  Chart  «2-82fii  falcon  stabilizing 
-rt-anforca  or  stablllza  ».  jtrut 

.tha  lowar.  control  anrs  »  ^ 

(g)  5hock  absorbars  .  Trans':  T71-3540 

Shock  absorbers 

(b)  Tia  rod  linkage  '  f 


i     Tiff  rods,  s;iaavts  and  , 
f    '  ends/  .  * 

>b  1     ?«1«y^  rod  ^  ^ 
^     3     idlar  ar*  and  bus>rfngs 

(1)  Compra'sslon /ubbar  bi^rs  .      -  / 

(2)   Torsion  bar^spenjlon  componants  Ij't 

(a)  Sana  componants  as  ball 
'  Joint  suspension  system 

(b)  Torsion  bar  replaces  coll 

spring  on  jMCh  side  of  vihldt  (2) 


1««Mr  Qontrol  trat  (iMtr  v 


liMr  slwfts) 

/  W)  Cofd  roT.fcd  spfing  stMl . 
^         4m1«m4  to  tilw  stms  In 

*    onti4trtctlQn  only!         ^  / 

i    Mtrlctd  V.of  *R-  at 
rttr  Qi 


« 


i     N«y,b«|»ldl*  COM 
1     yoi  IntlrdMiigoAblt 
(•)  Ridlftg  height  idJustMnt 

1  Ulual ly  locattd.  undor  ^ 
tad)  sidt  lowtr  controW.  ^ 
ani.-  ■  '  ^  . 

2  Comparison  bttwaon  loMtr 
control  am  Innar  shpft 

'  and  ball  jo1r\t  holght 

i     Vary,1inporUnt:  Hust  ba 

accoMplUhpd  pr1or_  t6  * 
chacking  statring  factors. 

(3)  Twin  I  beam  suspension  systam 
componants 

(a)  I  boam  axlas  (2  aa)  Chart  66-34  Twin  I-beam  Suspenilon"^ 

.  ,  ^  .     System  Prlnclplas  .  * 

1     Pivoted  from  side  member 
of  frame 

Z      Radius  arms  and  Insulators 

t 

(b)  Springs  (coll)  mounted  abowe 
axles  to  frame 

<^ 

(c)  Tie  rod  linkage    .  .«< — T'^r^  \^ 


1  •  Rel^y  rod 

,  2     Tie  rod  '  V 

3     Ends  i  >- 

(d)  All  other  components  same 

M  I  bean  conventional  axle  (3)     ^  ,  ,  ,     /  -  / 


(t)  Onlx  adjustmtnt  1$  •TOE" 
(f )  Corrtct  castar  by  twisting  txU  end 
(9)  Correct  camber  ami  KPI  by  bending  axlt  tnd 

Preliminary  Inspection    front  end 

(1)  Curb  weight  ' 


4 


(2)  Tires    *  , 

(a)  .  Pr#ssure 

(b)  Size 

(c)  Tread  depth 

(3)  Wheels 

(a)  Lug  nuts 
<b)  Bearings 
(c)  Hun*out 

(4)  B»11  Joints  (<;h^ck) 


(a)'  Coll  sprli^.on  lower  control 
arm  ?  ^1a<n  floor  Jack^nder 
lower  control  arm     :  v 


(bh  Coll  spring  on  upper  control 

>r  jack  fn 
front  cross 


aim  -  pi acij floor  Jack  fn 
center  of  fri 


owmber  4 

(5)  Front  and  rear  suspension  - 
y  loose;  broken,  damaged  or' 

missing  components 

(6)  Steering  linkage 

(7)  .  Cfinttr  s'ttirfng^  gear 


■1  • 


Adjustments  and  corrections 
-  (1)  Caster  ' 

>  -  >  • 

(a)   Shims  -  add  to  or  subtract 
from  one  boU  only  , 


(b)  Cams 


Trainer  VE^I 003 'Caster «  f  amber 
Adjustment  simulator 


1  1  •  > 


(3) 


xnv  Omtr  TOr  iMif  T 

i         caitar  chaw 

1     Tarn,  cw  In  oppotitt 
dtrictlon  f or  Urg* 
cntar  difiigt . 

(c)  Strut  rods  -  Itngthon  or 
shortfn  rod  (rostHcttd 
•djuttent  dut  to  off oct 
on  vohlcli  mHmI  btso)  . 

(d)  Corrtct  cutor  on  twin  I*bMM 
Mitt  ^  twisting  «x1t 


(2)  CiMbtr 


(i)  Shins  -  add  or  subtract 
sMms  at  both  bolts 
O^lly 

(b)  Cans  -  novo  both  In  tht 
SMi  diroctlon 


(c)  Correct  canbpr  on  twin  I- 
bt^  axles  by  bonding  axlt^ 
'  and  in  dtslrtd  direction 

1     Up  -  Nagatlvt 

i       DOMH  -  POSltlvtf 

Statrlntf  axis  Inclination,  king 
pin  Inclination 

(a)  Not  adjusted 

(b)  Not  correctad 

(c)  Replace  parts  -  If  canber 
correct  and  SAX  wrong, 
replace  ^splndU 

(4)  Steering  geonetry  (toe  gut 
on  turns  or  turning  radliis) 


(a) *  Not  adjusted  ^ 

(b)  N^jHcorrected 


Ck&Pt  (SZ-W  feifon  cest^  ed|* 


Chart  62-626  Falcon  stablllzthg 

Strut 


Traleer  VE-1003  Caster.  CMber 
AdJofCnent  Sinulator  , 


Trainer  VE-1102  CasUr,  Camber 
Toe»  Adjustnent  SAlator 


Trainer  62<'2432  Steering  Geonetry 


(c)  -Rtplm  stMrIng  knuckit 
Of  tplndli  Mm 

is)  Tot  (In  or  out) 

(a)  UofMthon  or  sltorton 
botfi  tit  rods  Iht  iM 
Mount 

(b)  Ungthin  or  shorttn  tht 
tit  rod  •  twin  NBow 
susptnslon' 

(6)  Positioning  sttorlng  gtar 

(i)  Tof  O.K.  « 

1  Ltngthon  ono  tit  rod 
shorttn  tht  othtr  tht 
SMt  Mount 

2  SMt  as  NBtM  convtn- 
tlontl  susptnslon.systM 

« 

(b)  Tot  not  i.K.  -  Ltngthtn 
or  shorttn  ont  tit  rod 

mi 

END  OF  DAY  SlfMARY 


SUMMARY 
1. 


Sumnarlse  prlnclplts,  function  & 
relationship  of  tht  following: 


a. 


Control  arms,  springs,  stabilizer 
bar  ft  strut  rods,  shock  absorbers, 
tit-rod  llnkagt,  torsion  bars,  twin 
I-btM  exits.  Remind  students  ^f 
entrgy  and  materials  constrvatlon. 


Chart  63-389  Stttring  whtti  off 

ctnttr 


1.  Restate  objtctlves  of/ the 
lesson  (covtrtd  In  this  day) 

2.  Emphas1zt  tht  arte  pf  major 
Importancr.  * 

3.  Ust  oral  qutstlons  to  dtttr- 
mlnt  trttf  to  bt'  rtteught. 


ASSIGNNEHT  CTT  POI  P.r.  i.g.c.  P.rt  1   2  Mrs  .  3A8R47330.S6-608 


1.  Rtvltw  study  mttrlals  on  front 
susptnslon  strvlct  ft  adjustntnt 
proctdurts  using  $Q3R  mtthod  of  study 


1.  fdtntify  $^  flAterlals.' 

2.  G^vt  rtasons  for  studtnt  to 
study  'tss1gn«tnt. 


3.Mtnt1on  niethod  of  study. 

INTWOUCTION  TO  NEW  DAY '5  WORK'^-  i  *  . 


ERIC 


^  •    &sJijSr^^^  studt  Its  th^  ert.  now  rttdy  for  the 

inai  suojtct  Mtttr  that  will  tnablt  thtm  to  succtssfully  ptrfona\!htt?  align- 
«»Mt  on  ill^ty^M  of  vthlclts.  (§1 


%4k 


2.  iMnd  student  of  tho  objoctlvti  stitod  In  provloul  d^*t  Ifsson. 
___mtim  iMQt  potntt.  ftlvo  m  oppnitol  on  Si  <QI« 


SUto  ohioctlyM  for  today's  Itoson  and  »akt  surt  oach  studtnt  ^1s  Miart  of 
Ms  rtiponslbllltf  *irlM  tho  Itsson*  Mrfnd  studtntt  of  onoi^  and  mttrlals 
constfvatlon.  (Nttt,  light,  cooling,  study  tatoHals).      .  . 


APPLICATION: 

^f :  nra  b,  part  1 
Rtf:  Para  c,  part  1 


EVALUATION: 
1. 


3. 


.V. 


6. 

7. 
8. 
9. 
10. 


What  art  tht  thrtt(3)  ^ypts  of  indtptndtnt 
susptnslon  systMt? 

Wbtrt  Is  tht  0011  spring  nountod  on  ball 
joint  sutptnslon  ayittm? 

Hm  Is  easttr  ehango  accenpllshtd  on  tlit 
tMin  I-bttM  suiptmlon  systtif  ^ 

What  saftty  prtcautlons  mt  bt  obsorvod 
whilo  Morking  on  vthlelis  with  torsion  bars? 

What  ifftct.vfould  adjusting  castor  with 
strut  rods  havo  on  tht  vthielt? 

If  cimbar  Is  eorrtet  and  SAI  Vnrong  what 
would  havo  lo  bt  donoT 

Nasio  throt  mothods  of  adjustj||ig  castor. 

What  susponslon  hu  adjusUbIa  riding  htlght? 

What  Is  tho  purpost  of  an  Idlor  am? 

What  saqutnct  Is  followtd  whtn  adjusting 
stttrl'ng  factors  on  coll  spring  typo 
Indtptndtnt  susptnslon: 


CONCLUSION 


SUNNARY  AND  RENOttVATION: 


Scuff  ttstar:  Portable  AUgnmtnt 
EquTb:  TO's  3eA20-14-2-1 

36A2-4-17-2 
Hand  I  Sped  Hi  Tools 
Vthi cits;  Floor  Jack^i  Jack  Stands 
Rtnovt  all  jtwclry  btfort  tnttrlnq 
lab.  Watch  for  oil  on  floors! 


10  Min 


1. 


Jijparljt  iji^lct  tnd  adjustmtnt  procodurts  for  Indtptndtnt  susptnslon  $ys- 

m  Na«1nd  atudtne^  of  tht  good  start  th«y  havo  aeeoipllshod  toward  boconi/ig 

prtfleltnt  In  a  highly  sptelallied  field.  Remnd  studtnts  of  energy  and  materials 
conservation*  (7} 

i  K 


3;,  -  .  A 


 •  .■    -'       .  '  ■  A        '  ■        ■•  -) 

i   .  .  •   •  '  ,    •  - 

r 

ASSimENT  AND  aOSURE:  CTT  POI  Ptra  9a,b»c  2  Hrs 

1.  Using  tht  SQ3K  ntthod  of  stu^yi  rtad  S6-3Aoil47330*701.   Aniwtr.  siimtry  ^tlons 

2.  Wr  havt  nOM  compltttd  alLyltssons  on  brjUcos  and  susptnslOn  systtM.   In  your 
ntxt  arta  of  Inatmctlonr your  first  Itsson  will  bt  on  Princlplts  of  Coi^pm- 
slon*1gn1t1on  tnglijM^^. 


> 


I 


mm. 


STUDY  GUZJOE  3ABa47M-SG-60& 


tiftatrCttgfT  lAUBfrTlln  ^  fifil  OMH  fiflii 

wwWwWP^WiWl*     ^PUppwl^F  ^IP^P  ^^W^  lilpiP    mwar  WW 


Technical  Training 


.G«neral  Purpose  Vehicle 


BLOCK  VI 
BRAKES  AND  SUSPENSION 


3  June  1970 


it 


CHAMUTE  TECHNICAL  TRAINING  CENTER  (ATC) 


This  supersedes  SS0v3ABR4 7 330-601  THROUGH  608  and  BUS  3ABR47330- 
60U-II  THROUGH  608AHI  »  22  May  1968 
OPR:  TStoT 

DISTRIBUTION:    X  X  > 

TSDT  -  200;  TSOC  -  3 


Designed  For  ATC  Course  Use; 


r 


ERIC 


11 


for  trtinlag  purpoMt,  but  m  not  to  bt  uatd  on  tl|a  job 
tr«nct  to  Technical  Orders  or  othor  otflcUl  publications. 


as  auttaorttatlTt  rtftrsnoss  in  prof- 


August  1969 


ChAnuca  AIB,  ZIIIboIs 

HriWAUUC  BRAKES  AMD  VACUUH  BSAKE  800STEBS 


ERIC 


A£e«r  coapXstlnt  Chi«  tmie  of  iMcruetioni  ypu  will  und«r«tind  th^  • 
op«rAtlAt  >riikelplM  of  th*  hydraulic  brakt  $ytm  and  eottpesMics,  and  tho 
.prlndplo  on  which  cho  vacuus  boescar,  ayataA  pparacaa. 

■ 

INTBODDCTXON 

Tha  aafaty  of  a  aodarn  aucoaetlva  vahicla  and  Ita  cargo  or  cow«Q  load 
dapMda  aora  ofcan  on  cha  propar  oparacion  of  tha  brakaa  than  on  cny  other 
unit  aatcapt  that  of  tha  ataarint  gaar.    Not  only  «uat  tha  brakaa  stop  th« 
v«hicla,  but  thay  mat  bring  it  to  a  stop  within  cartain  and  vary  daflnita 
llBita  of  apaea.    Tha  brakaa  wat  ba  abla  to  do  thia  within  ona*althth.or 
ona-siacth  of  tha  tlaa  it  takas  tha  tagiaa  to  davalop  thf  apaad.  Baaidas 
baing  afficiant*  tha  brakaa  mat  ba  raliabla  againat  aachanical  fallura, 
vtathar  of  all  typaa,  dirt,  grit,  and  graaaa.    Thay  mat  oparata  aaally  and* 
with  a  wida  mrgin  of  aafaty.    Brakaa  muat  ba  long-laatlng  and  tough. '  Th«y 
aust  ba  m^*  ao  that  braking  forca,  trtian  applied,  will  ba  uniform. 


INFOBMATION 


BRAKING  SYSTEM 


In  tarly  aoto;r  vehicles  brake  sytteaa  were  rather  simple.    Not  much 
attention  waa^  given  to  their  Improvement  t    More  attention  was  given  to  the 
increase  of  power  for  moving  the  vehicle  than  for  stopping  it.  Early 
automotivm  vahi'cles  used  a  simple  brake  band  attached  to  the  transmission. 
Later,  drums  wfre  attached  to  the  rear  wheels  and  external  bands  were 
supplied  for  holding  the  vehicle  in  a  parked  position.    As  higher  speeds 
became  possible,  two-wheel  brakes  were  unabla  to  control  the  vehicle  and 
four-«riieel  brake  systems  were  developed.    Prograanad  Text  3ABR47330-PT-60r 
will  teach  you  soma  baalc  Informtion  about  hydraulic  brake  systems.  The 
Information  will  include  identification  of  co^)onents,  location  of  c(»iponents» 
hydraulic  principlea,  and  soma  repair  procedures  to  be  followed.    The  remainder 
of  this  study  guide  contains  informat4.on  relative  to  the  construction  and 


operation  of  vacuum  brake  booateca. 
Brake  Booaters  (Vacuum,  Hydrovac)  _ 

«  * 

Heavy  motor  vAlcles  and  their  towed  loads  generally  require  more 
powerful  braking  effort  than  can  be  exerted  by  the  unaided  efforts  of  the 
driver.    Systema  have  been  developed  for  uae  oti  heavy  vehlclea  whereby  the 
operator  aimply  controls  a  valve  or  switch  which  releases  stored  energy  ae 
needed  to  produce  braking  action  of  tha  dasirad  intensity. 

Vacuum  Systma 

^  In  order  to  tffltderstand  Che  principle  on  which  the  vacuum  booster  system 

operates,  it  ij  necessary  to  know  what  a  vacuum  is  and  hbv  It  can  be  used. 


0. 


\  ERIC 


Bir  pncitckl  ymn^aat  la'^ifiwia'My,  te  dttflMd  «ii  a'«pfe«  fm  vhidi  air  or 
iiias  haa  baan  p«rcly  axhUacad.    Air»  lika  all  aatcar,        waight.    Slnea  air 

axcaoda  upward  froa  aaa  l«v*l  fpr  aavara^hundrad  ailaa,  tha  waight  of  tha 
s^it  axart«  a  -praiiaurd  tarmad  "atooapharic  praaaura"  at  aaa.laval  of  about 
1 1^  pal  (14.7  to      aiact).    Thia  pr«Mui^  U  aqually  diatrlbutad  in  all  ' 

dUy tiflo»  <ipqtt  aU  ^jiieta  of  ^  ^tfc'a  a^taea.  .  -  ^ 

*  \     -      "  •  .      •        ' .  . 

Mnoaphat^c  praaatn-a  nay  ba  uaad  to  oparata.  braka*  by  crtation  of  a 
vacutia.    $lnca  a  vacuus  la'craatad  by  X«aaving  air»''tha  praaaura  within  a 
yaoiua  ia  laaa  ,t^an  that  of.  tha  &taoaphara.    A  parf  act 'vacuus  froa  v  -.ich 
all  aattar  haa  baaa  rai^Vad  h4ia  .no  praaaura  whataoavar.    A.  parf^qt  vacuum 
is  not  obtalnabla,  altfiough  it  can  ba  cloaaly  approached,    tian'ca,  tha  full 
forca  of  14.7  pai  ataospt^aric  preaauta  catmot  ba  utilizad.    If  air  in  a 
containar  haa  baaa  pwapad  iMit  or  avacuatad  until  only  5  pal  raaaiiaa^  tha 
10  pai  diffaranti'al  axiating  batwaan  "vacuus  ifraaaura"  and  **atnoapharic 
p^esaura".  nay  -ba  uaad  to  parf orm  w6rtc.    tha  pumping  action  of  tha  angi^na 
piatona  cauaas  a  partial  vacuum  tc^a  craaead  in  tha  infcaka  aanffold  of  an 
intamal  Combttajtion  angina*.    Uhan  9ia  angina  ia  coaating  in  hlgh^gadr»  wl«h 
tha  cavburae^t ^throttla  fully  cloaad.  vary  littla  air  ia  admittad  into , the 
i(it4ka  manifold,  ad  .that  tha  pumping  actloar  of  tha  piatona  ra^tic^a  *  tha ; 
praaatfra.''ao  that  only  About  5  pai"  axis t a  in  tha  oanlfold.  *  \'  - 

Tha  drivar'8  fobt  is  taken  off  tha  accelerator  pedal  when  ha  applies 
the  ^rakaa' ao  that  about  10  psi  difference  (often  called  differential)' 
between  the  yacuumpreasure  (5  psi)  and'  atmospheric  pressure  (15  pf 1)  are 
available  to  opeirate  the  brakes.    Any  chamber  connected  to  the  Intake^  mani- 
fold will^have  ^r  ngc^usted  from  it  when  th«  engine  is  running.    The  power 
cylinder,  which  co^ains  a*  piston,  depends  on  this  ,fact  for  ita  operation. 
A  valve  operated  tjy  the  brake  pedal  is  inserted  between  the  cylindef  and 
manifold,  aa*Miflyii  in  figure  1,  to  control ^the  operation  of  the  power 
cylinder'.    When  the  vtflve  ia  opened,  air"  is  exhauated  from  the  chamber 
ahead  of  tha  piaton.    Atmospheric'  pressure  fcta  on  the  other  side  of  the 
piston  to  ;cxert  a  force  on  the. rod  attached  to  the  piston.    The  amount  of 
force  depends  upon«the  Aifea  of.  the  piston  otf^ which  the  pressure  acts  and 

'  lipon  the  degree'  of  vacuum  on  the  evacuated  side  *of  the  piston.    When  the  ^  . 
valve' is  closed, vthe  chamber  ahead  of"  th«;  piston  is  shut  off  from  the  intake 
manifold  and  connected  t<i  atmosphere.  '  AiV.  enters  this  chamber  through  the 
valve  and  raises  the , pressure  on  the  front  side  ot  th^  piston  tp  that  of 

— che  ftmosphere..   The  pressure  is  then  the  same  on  both  sides  of  the  piston 
so  \hat'no  pull  is  exert edi  on  the  pull  .rod  and  it  remains  In  the  released 
position.  '        •   •         '  . 

Hydrovac  ' 

Ileavyload  carrying  m^tor  vehicles  us«  a  combination  of  a  hydraulic 
system  and  a  vacuum  to  operate  the  braking  power.    Such  a  system  is  shown 
in  figure  2.    Note  that 'the.  powei  brake  cylinder  is  the  in^ortant  unit;  tn- 

:  fa^t.  it  layabout  the  whole  system.    It  cona^ts  of  ^  vacuum  ej^linder  and 
piston,  a  control  valve,  and  aalave  cylinder..    Aa  the  >  name  ,  imp  Ilea ,  the' 
control  valve  directs  vacuum  preaauraa  t6  va/lo,us  par^s  *of  the  vacuum 

.  cylind^  from' the  engine  intake' manl'f  old  and' admits' afH  alters  atmospheric 
air  tt>^othar  pArts  of  the  vacuum  cylinder.  ;i 


The  difference  between  vecutM  and  atmospheric  presautjr'e  (usuelly  celled 
'^|Mire  .dlif^cBtiJLl  the  ilftv*  c^li|i4«r  pUtoll^ 

liytriti^e  pressure  In  clie  hydraulic  ilave  cylloder .   Tht»'.^r«^wir;t  li  trans- 
mitted CO  the  wheel  cylinders  in  amounts  pflroportlopel  to  the  pressure  created 
in  the^^draullc  slave  cylinder,  ^Icti  in'^ciirn  is  deceralned.  by  the  aaounc 
of  pressure  differential  existing  *ih  Che  vacuum  cylinder.    The  whole  cycle 
ol  events  is  controlled  by  the  relay  valve  hydraulit  piston,  and  the  Vacuum 
and  atmospheric  valvA  located  in  the  control  valve  assembly. 

When  the  brake  pcnlal  Is  depressed  these,  events  take  place**  Hydraulic 
pressure  In  the  iqaster  cylinder  is  built-up  high  enough  to  cause  a  shifting 
of  *the  relay  hydraulic  plstoti.    This  closes  ^he  vacuum  valve  in  the  diaphragm 
^late  affd  opens  the  atmospheric  valve  and  admits  atmospheric  pressure «  which 
is  directed  to  the  left  side  of  the  frqnt  and  rear  pistons  of  the  vacuixm 
cyilttder .    You  will  note  that  these  two  sections  of  the  cylinder  are  Inter- 
connected by  a  passage  In  the  pikton  rode «  At  the  same  timet  remember  that 
when  the  driver  takes^ his  foot  off* the  accelerator  to  place  It  on  the  ^rake, 
he  closes  the  butterfly  valve »  thus  Increasing  the  vacuum  in  the  manifold. 
This  vacuum  pressure  (suction)  is  admitted  to  the  right  side  of  the  raar  and 
front  pistons*    This  vacuum/ coupled  with  the  atmospheric  pressure  admitted 
^through  the  atmospheric  valve »  creates  a  pi^isure  differential  which  results 
in  the  piston  being  forced  toward  the^right.    This  force  is  transmitted  by  ^ 
the  push  rod  to  the  slave  cylinder  piston.    The  slave  cylinder  piston  develops 
hydraulic  pressure  which  is  transmitted  to  the  brake  cylinder^ >  thus  applying 
the  brakes, 

«.  ' 

When  pressure  on  the  brake  pedal  is  released »  the  valve  spring  causes 
the  atmospheric  and  vacuum  valves  to  shift  Into  the  released  position «    This  ' 
connects  the  atmospheric  control  line  to  vacuum  ptessure^  which  reduces 
pressure  in  the  left  side  of  both  rear  and  front  cylinder  pistons*  equalizing 
the  pressure  differential*    Springs  in  the  cylinder  and  in  the  hydraulic 
slave  cylinder  cause  the  whole  assembly  (piston*  push  rod»  and  slave  cylinder 
piston)  to  shift  to  the  left,  thus  releasing  hydraulic  pressure  in  the  brake 
lines,  ^  ' 

There  are  several  \ivantages  to  this  system.    The  first  one  Is  that  it 
compensates  for  speed*  for  at  high  engine  (piston)  speeds  with  the  butterfly 
closed  (during  deceleration)  the  manifold  vacuxim  is  highest;  therefore^  a 
greater  piston  differential  is  caused*  resulting  In  higher  brake  pressure 
application  at  higher  speeds.    As  the  vehicle  slows  down  and  the  engine 
piston  action  becomes  slower*  vacuum  pressure  (suction)  is  not  as  grea.  is 
at  hi"^  speeds »  and  pressure  differential  is  not  as  great.    As  the' vehl«.le 
^approaches  a  stop*  pressure  differential  tapers  off  and  braking  effort  tapers 
off  accor(^ingly . 

.  A  second  advantage  is  gained  through  central  location  of  the  power  brake 
cylinder;  high  pressures  are  not  carried  through  long  distances  as  is  the  case 
:r  a  typicai  hyd[raulic  system.    The  line  between  the -master  brake  cylinder 
and  the  slave  cylj-nder  need  not  be  very  heavy*  for  pressure  in  this  line  is 
never  very  great  and  should  a  leak  appear  in  it*  it  would  not  be  critical. 
The  power  brake  cylinder  may  be  centrally  located  so  that  none  of  the  brake 
> lines  to  the  wheel  cylinders  need  be  long. 
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•    HYDRAULIC  BRAKE  SYST^  SERVICING 
OBJECTIVES  ^  . 

'  .  After  coBpletlng  this  unit  of  lnstructlC)n,  you  will  be  able  to  remove, 
.  inspect,  clean,  service,  install.,  and  adjust  vahide  hydraulic  brake  com- 
ponehts,  bleed  the  hydraulic 'brake  system,  using  special  tools  and  equipment 
including  publications  and  safety  .procedure^. 

^NTRODUCTIOM     .  ,  ^  •  . 

In  the  case "of  brakes,  various  difficulties  nay  arise  that  require 
Inspection  and  correction  to  keep  them  In  good  operating  condition.  Although 
the  difficulties  vary  somewhat  according  to  type  of  system  (hydraulic,  vacuum, 
mechanical.,  or  air)  only  the  hydraulic  brake  system  is  considered  in  t^s 
guide.'  ^  .  / 

INFORMATION 

CONSTRUCTION,  OPERATION  AND  SERVICING  * 

Brake  systems  require  periodic  inspection,  adjustment,  and  occasional 
parts  replacement.    Remember!    This  Is  your  responsibility.    The  reading 
material  presented  in  the  following  paragraphs  will  assist  in  providing  you 
with  the  required  information. 

Factors  Which  Affect  Braking 

The  amount  of  retardation  <or  slowing  down)  obtaihed  by  the  braking^  ' 
system  of  a  vehicle  is  affected  by  several  factqrs;  the  amount  of  pressure 
exerted  on  the  braking  surfaces  (lining- and  drum),  the  weight  carried  on  the 
wheel,  the  overall  radius  of  the  wheel  (from,  center  to  outer  thread  of  tire), 
the  radius  of  the  brake  drum,  coefficient  of  friction  between  brake  drum  and 
lining,  and  the  coefficient  of  friction  between  the  tire  and  the  road  ^re 
some  of  the  more  conmon  factors.  ^ 

ii  A* 
When  brakes  ere  applied,  the  wheel  either  rolls  or  skids,  depending  on 

relative  values  of  coefficients  of  friction  or  gripping  qualities  existing 

between  braking  surfaces,  and  between  tire  and  road.'  Rapidly  jamming  the 

braking  surfaces  together  tends  to  increase  the  friction  to  such  a  degree 

Chat  the  wheel  will  lock  and  skid  along  the^  road.    When  this  happens,  braking 

action  is  caused  by  friction  between  tire  a'nd^road,  which  heats  and  wears 

the  tire.  "  '•  , 

i  •  . 

Maximum  retardation  is  reached  when  friction  between  the^ brake  surfaces 
is  such  Chat  the  wheel  is  about  ^  lock.    At  this  point ,  friction  between 
the  brake  surfaces  Is  ali^sr  the  same  'ts  that  between,  tire  and  road. 

*  "  ^ 

Construction  and  Types  of  Brake  Drums 

Brake  drums  are  made  qf  pressed  steel,  cast  iron,  or  a  combination  of 
the  two  metals.    ''Cast  .iron  drums,  dissipate  the  heat  generated  by  friction 


sor« rip  Idly  tht8  •tt«l  druM,  and 
liive  a  higher  coefflclant  of  friction 
with  any  particular  brake  lining. 
However,  cast  iron  drxios  are 
not  of  sufficient  strength.  Centri- 
fuse  btake  drums  which  are  brake 
drums  of  steel  with  a  cast  iron 
liner  for  the  braking  surface^ 
figure  3»  are  most'  commonly  used*. 
A  solid  cast  iron  drum  of  the  same 
total  thickness  as  the  centrifuse 
drum  would  be  too  weak,  while  one 
of  sufficient  strength  would  be 
*  too  heavy  for  the  average  passenger 
car.    Xo  give  grea.ter  strength  and 
better  heat  dissipation,  coolings 
ribs  are  often  added  to  the  outside 
of  the  drums. 

Removal,  Inspection  and  Reconditioning  Figure  3.    Cross  Section 

of  Brake  Drums  of  a  Centrifuse  Brake  Drum. 

When  removing  the  hub  and  btake  dri^m  from  a  vehicle,  care  should  be 
taken  »ot  to  drop  ^he  wheel  bearings.    Bearings  should  be  cO-eaiied  in  solvent, 
inspected,  and  repacked  with  fresh  grease  before  they  are  reinstalled. 

'  f        Brake  drums  should  be  cleaned  with  solvent  and  inspected  for  cracks, 
scores,  and  war page.    Cracked  drums  shouTd  be  replaced,    generally,  scored 
and  warped  drums  can  be  reconditioned  by  resurfacing  them  on  a  brake  drum 
lathe.    However,. if  they  are  warped  or  scored  to  a  great  extent,  they  should 
be  replaced.  j 

When  a  brake  drum  is  machined,  the  thickness  of  the  metal  removed  from  ' 
the  ..inside  of  the  brake  drum  should  be  plainly  marked  on  the  unmachined  part 
of  the  drum,  so  that  the  brake  shoe  may  be  shipmed  accordingly. 

Removal,  Inspection,  Replacement  and  Adjustment  of  Brake  Shoes^  and  Brake  , 
Lining  « 

Most  of  the  wear  in  a  brake  takes  place  on  the  brake  lining.    Over  a 
long  period  of  operation,  the  lining  will  .become  worn  to  the  extent  it  needs 
replacing,  or  occasionally,  defective  grease  seals  i^y  cause  the  lining  to 
lose  its  efficiency.    In  either  case,  the  lining  must  be  removed  and  replaced 
Before  replacing  the  new  lining,'  tlye  shoes  should  be  cleaned  thofoughjy  and 
all  burrs. and  rou^h  spots  removed. 

Brake  linings  are  of  two  general  types,  molded  and  woven,  figures  4  and 
5.    The  molded  lining  is  the  most  commonly  used -on  service  ^rakea.  Linings 
are  fastened  to  brake  shoes  by  two  methods,  by  bonding  or  riveting.  Riveting 
has  its  disadvantages'  due  to  the  fact  that  as  the  lining  wears  the  rivet  head 
are  exposed  and  come  in  contact  with  the  brake^drum,  causing  it  t6  score. 
Bonding  is  the  best  prpcess  d^e  to  the  fact  that  the  lining  is  bonded  to  the 
shoes  and  will  wear  much  longer  without  damage  to  che  brake  drums. 

•     .  •  -         '  ^      "  •  *  " 


Figure  A.    ftoUmd  Brake  Llnlnft.  ,    Figure  5..  Woven  Brake  Lining.' 

*  ■  .  ' 

When  shoee  ere  removed  for  Inepection,  the  brake  cylinders  on  each'wheel 
should  be  removed  aiid.  Inspected  for  condition  and 'repaired  or  replaced.  The 
llhes  should  be  inspected  for  leaks  and  .kinks  and  be  replaced  as  required. 

'  After  the  brake  system  has  been  inspected  A^d  the  required  repairs  or 
replactnents  made,  the  wheels  should  be  lnstallgd_^ftiul  the  necessaiV  adjustment 
made  on  the  linkage  and  shoes.    The  bleeding  of  the  hydraulic  syst^  is 
necessary  to  eliminate  any  air  that  might  have  entered  the  system. 

4 

Self  "Energizing  Action 

\         '    '  '  '  ^        •  ,  ■  •      .  " 

The  brake  operating  linkage  alone  does  "not  provide*  sufficient  mechant^^l  ^ 
advantage  for  poaitive  braking,    a' self --energising  action,  supplementing  the 
physical  application  of  the  braking  sy^tfem,  has  to  be  Used  to  Increase 
pressure  on  the  brake  shoes.    While  there  are  Variations  of  trfta  action, 
it  is  almys  obtained  by  the  shoes  themselves,  which' tend  to  revolve  with 
the  r  evolving,  drum.   .  , 

•  •      '     '  '  \ 

When  the  brake  shoes  are  anchored,  as  shown  in  figure  6,  and  the  drum 
revolves  in  the  direfction  shown,  the  shoes  will  try  to  revolve  with  the 
drum' when  they  are  forced  against  the  drum.    As  a  result,  the  shoe  will 
exert  considerable  self-en^glzing  fbrce  against  the  anchor  pin.  Since 
the  pin  is  fixed  to  the  brake  shield,  this  force  tends  to  wedge  the  shoe 
tightly  in  between  the  pin  and  the  drum  as'^lndicated .    As*  the  initial 
braking  force  is  incyreased  on  the  cam,  the  wedging  action  increases  and  the 
shoe  'is  forced  still  mo^e  tightly  against  the  dcum  to -increase  the  self- 
energizing  action.    Brakes  making  use  9f  this  ,princJLple>  to  Increase  force 
on  the  braking  surfaces  are  known  as  self -energizing  brakes. 

.   The  amount  of  self-anergizing  aqtlon  availab,le  depends  mainly  on  t 
location  of  the  anchor  pin.    As  the  pin  is  moved  toward  the  center  of  the 
drum,  wedging  action  increases  utitil  a  point  is  reached  where  the  shoe 
automatically  locks.    The  pln'must  be  located  outside  oIe  this  locking 
point  so  that  the  operator  can  control  the  braking. 


i 


Figure  6.^ 
Self -Energizing  Action. 


Figure  7.    Brakes  with  Articulating  Links. 


When  "two  shoes  are  anchored  on  the  bottom  of  the  brake  shield,  as  shown 
in -figure'  6,  self -energizing  action  is  effective  on  only  one  shoe.  The 
o.t^ier  shoe  tends  to  revolve  away  from  its  pivot,  which  reduces  its  braking 
action.    When  the  wheel  is  revolving  in  the  opp<^site  direction,  the  self - 
energizing  action  ia-^produced  on  ; the  opposite  shoe.    Two  shoes  ate  osually- 
mounted  so  that  self -energising  action  is  effective  on  both.    This  is 
accomplished  by  pivoting  the  shoes  to  each  other'  and  Slaving  the  pivot  free 
'  of  the  brake  shield.  ^  This  brake  is  known  a<8  an  articulating  linK  brake,  a§ 
,  shown  in  figure. 7.    The  only  physical  effort  required  i&  for  opetAting  ^e 
first  or  primary  shoe.    Both  shoes -tend  to  revolve  with  t  le  drum  and  are 
wedged  against  the  drum  by  the  one  anchor  pin.  . 

Hyc^raulic  Action  ^     "  ^ 

The  service  brake  peda],  operates  a  piston  in  the  master  cylinder  to' 
force  fluid  through  the  lines  to  the  wheel  cylinders  which  in  turn  operate 
the  brakes.    Each  unit  of  the  system  must  serve  its  inrended  purpose  to  keep 
the  brakes  operating  properly. 

Fluid  Lines  and  Hoses*  '  * 

High-pressure  flexible  hoses  are, used  between  the  front  wheel  cylinders  / 
and  frame  connectors,  also  between  rear  axle  tee  and  f^me. connectors.  ^ 
Special  mA^al  tubing  is  used  beWeen  the  master  cylincier  and  frame  connectors, 
also  between  rear  axle  tee  and  rear  axle  wheel  cylinders.    Any-^lgn  of  ^V"-^  ' 
leak  alpng  the  ll-ne  indicates  a  loose  connection  or  datiaged  line  afut^sji«fuld 
be  tightened, or,  replaced.    Kinked  or  restricted  lines  restrict  the  flow  of 
fluid  between  master .and  wheel  cylinders,  and  should  be  replaced. 

# 

.  .     ■  •     ,  ■  1?;;  ■ 
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Brake  CyUo*i«r8y^,  ^.  -         *  ^* 

When  a  tBa»fir  cylinder  or  wheel . cylinder  becomes  excessively  worn, 
leaky,  or  devel9P^ sticking  pistons.  U  must  be  Removed,  repaired  or  replaced 
%flth  a  serviceable 'cylinder. 

Removal.  Inspection.  Repair  and  Replacement  of, Brake  System  Units 

When  inspecting  th0  brake '«l^o/i  and  cylinders  of  a  hydraulic  h"ke 
system,  it  is  necessary  to  renffve  jhe  wheels.    The  vehicle  should  be  jacked 
up. and  trestles  placed  under  the  ^lesTBt  the  vehicle. as  a  s«PPort.  The 
wheels  Should  be  rmoved  and  placed  in  a  position  so  they  will  nbt  rpll  or 
tilt.'    (It  is  re^onnend-ed  they  be  placed  flat  on  the  .floor.),    ^  ^ 

The  brake  sfioes  should  be  removed,  cleaned.  a"hd  'inspected.    Brake  , 
cylinders  should  be  cleaned  of  all  dirt  on  the  outside  before  disassembling. 
After  disassembling,  the  cylinders  should  l>e  repaired  tin  accordance  with  the 
applicable  publication.    If .the  cylinder  walls  of  the  brake  cylinders  4re 
found  to  be- scored  or  rusted,  they  should  be  reconditioned  or  discarded. 
It  is  aecessary  to  always  use  new  r^ubber  parts  when  reconditioning  cylinders. 

Note:  A&rake  cylftider  repair  kits  uiually  contain  all  the  parts  required 
to  recondition  aV**^*  ^^y^*^**"**  P*'**  should  be  used  even.if, 

it  does  not  appeal  the  replacements  are  needed.    Experience  has  preven 
that  the  ^adde5^saJ^<y  and- braking,  efficiency  offsets  the  cost  o&parts. 

Before  replacing  JUnd^ts  an5  shoes,  all, brake  lines  and  connections' 
should  be  inspeqted,  repaired  or  replaced  (as  required^    After  completing 
.the  inspection  anji  makings  ttte.refl'uirt:ed  repairs, .  it  is  necessary  to  install* 
the  units  to  the  backing  platl  an<  prepare^.thcswheels  for  replacement. 

Before  replacing  the  wheels,  the  bearings  and  rac^  sho«4d^>e  cleaned 
and  inspected  for  serviceability.         found  serviceable,  they  should  be 
lubricated  and  installed  in  accorda^i?^  with  procedures  outlined  in  the 
publication  applicable  to  vehicle  in  use.  .In  addition,  tightening  of  the 
wheels  Is  also  governed  by  the  procedures  established  in  the  applicable 
publication* 

3rake  Adjustment         ^.       v  '  ' 

.  f     *       *  ^ 

Brake^ysteis  are  providW^wlth^. ari.  adjustment  to  compensate  for  normal 
lining  wear.    Thisd.s  called  a  i4iinor< brake  adjustment.    It  consists  qT* 
adjusting  the  brake  shoe  at  one  end.     .  ^ 

On  some  types  of  brakei  an  additio<ial  adjustment  is  alsS  provided  to 
adjust  the  other  end  of  the >rake  shoe.  ^When  both  ends  are  adjusted,  it  is 
called  a  major  brake  adjustment:    Major  brake  adjustments  are  required  when 
the  brakes  are  'being  relined.  parts  are  being  replaced, .or  any  time  the  - 
position.»ef  the  anciiors.ha*  beeo  changed. 

".  -  t   ,      .     •  ^ 

^    ^  M^or  brake  adjustments -position  the  brake  shoe  so  the  linings  contact 
the  drum  the  full  length  of  the  lining  when  the  brakes  are  applied.    If  the 
shoes  are  Improperly  adjusted.'  thi.  briklng  action  will  be  poor  and  distortion 
or  damage  may  result  to  the  brake  parts.    This  is  shown  in  figure  8. 


FORWAftO  ROTATION, 


POOR  BRAKING  ACTION  BECAUSE 
OF  THE  SMALL  AMOUNT  OF 
LINING  IN  CONTACT  WITH 
THE  DRUM. 

Ik 

\ 

IF  BOTH  SHOES  WERE 
ADJUSTED  LIKE  THIS  THE 
BRAKES  WOULD  BE  HARD 
TO  APPiy.  . 


A  HARD  BRAKE  APPU- 
CATION  WOULD  OlSTOfIT 
THIS  SHOE  TO  OECREAST 
CLEARANCE.  tSPONOY 
PEOALl 

THIS  SHOE  MAY  GRAB 


NOTE  THE  SMALL  . 

AMOUNT  OF  LINING  ^  

AREA  WHICH  CONTACTS 
THE  DRUM, 

UNINBS  WOULD  SOON 
WEAR  OUT  ON  ONE  END  ■ 
AND  HAVE  TO  BE  REPLACEft 

AMHOMlCCeENTIMisI  FDR 


Figure  8.    Slioyring  Improper  Brake  Shoe  Adjustment, 


^  Whmmr  any  unit  of  th«  hydraulic  syatam  li  dlsconnacted  or  raplacad,  . 
the  fluid  must  b«  rapltnlshed  and  the  system  bled  free  of  air.  / 

Wheel  Bearing  Lubrication 

#  • 

Vililcie  wufactiir«rs  yaualXy  recoMnd  the  lubrication  of  wheel  bearlnn 
annually  or  at  25.000-«lle  intervals.    Lubricating  wheel  beatings  is 

mechanically  known  as  "packing"  wheel  bearings;  the  job  consists  of  removing,, 
cleaning,  inspejiting,  lubricating,  replacing  and  adjusting  the  bearings, 

.f 

Wrings  should  be  washed  with  volatile  mineral  spirits  or  dry  cleaning 
solvent  and  dried  thoroughly  with  a  clean  cloth. 

Caution:    As  a  safety  precaution,  bearings  must  not  be  spun  with 
compressed  air  to  prevent  injury  to  personnel. 

Bearing  cups  and  bearings  should  be  Inspected  for  condition,  and 
damaged  parts  replac'ed  as  required. 

Wheel  bearings  are  usually  packed  by  hand  or  by  the  use  of  a  mechanical 
packer,  introducing  lubricant  into  all  spaces  between  the  rollers  and  race. 
Care  must  be  exercised  to  insure  that  dirt,  grit,  lint,  or  other  contaminants 
are  not  introduced  into  the  bearings.    If  the  bearings  are  not  installed  ^  ' 
immediately  after  packing,  they  should  be  wrapped  in  clean  oilproof  paper 
as  a  protection  from  contamination. 

After  the  bearings  have  been  properly  lubricated  the  hub  should  be 
packed  with  a  sufficient  amount  of  lubricant  to  uniformly  fill  it  to  the 
inside  diameters  of  the  inner  and  outer  bearing  races t    The  spindles  and 
hub  caps  should  be  coated  with  a  thin  layer  of  lubricant  (not  over  one- 
sixteenth  of  an  inch)  to  prevent  rusting.    Remember!    Hub  caps  must  not  be 
filled  to  serve  as  grease  cups  under  any  circumstances. 

Lubricant  in  the  bearings  is  sufficient  to  provide  enough  lubrication 
until  the  next  service  period.    Excessive  amounts  of  lighter  lubricant' 
than  specified 'by  the  manufacturer  usually  results  in  leakage  past  the 
grease  seals  and  daiuge  to  the  brake  finings.  < 

Troubleshooting  Hydraulic  Brake  Systems 

The  type  of  difficulty  explrienced  in  brake  systems  .is  ^ten  an 
indication  of  the  cause  of  the  trouble.    Following  is  a  detailed  diagnosis  ' 
of  the  more  common  hydraulic  brake  troubles . 

PEDAL  GOES  TO  FLOOR  BOARD.    When  the  brake  pedal  goes  all*  the  way  to 
the  floor  board,  several  conditions  could  be  the  cause.    The^ brake  shoes 
may  be  Improperly  adjusted,  or  the  brake  linings  may  be  out  of  adjustment. 
In  addition,  there  may  be  air  in  the  brake  lines  or,  the  Xluid  level  may  be 
low  in  the  master  cylinder  or  the  master  cylinder  msy  be  worn  or  defective. 

^ 

ONE  BRAKE  DRAGS.    When  the j^ra^e  shoes  of  one  wheel  drag,  the  indication 
is  that  the  lining  is  not  moving  away  from  the  druin  when  the  brakes  v« 
released.    This  could  be  due  to  improper  brake  shoe  adjustment,  clogged 
brake  line,  sticking  wheel  cylinder  pistons,  weak  or  broken  retracting 
springs,  or  a  loose  wheel  bearing. 


11 


ALL  BKAK£S  DBAC.    Wh«i  *11  th«  br*k«»  drag,  th«  brake  p«dal  doa«  not  • 

vS^  clogged,  or  brake  fluid  of  mineral  oil  content  ™ld  ^ 

IZldVo  the  brake  iysten  so  that  the  ^rubber  pistons  have  swollen  and  stuck. 
mle^roU  must  never  be  u«id  li»  vehicle  hydraulic  brake  systeo!..    Anr  oil 

s^steTothrthan  the  specified  brake  fluid  is  apt  to  cause  serious  _ 

trpuble* 

'car  polls  to  one  side.    If  th.  cr  pull*  to  on.  sld.  *«"  ^„^"'»'  *" 

lining  are  being  used,  .trouble  also  results. 

"spongy  pedal.    When  the  pedal  action  is  soft  ^^^JP^^f^ »  ^^^"^Jjt^'to^ld 
.that  there,  is  air  in  the  brake  system.    Improperly  adjusted  brake  shTJes  could  . 

also  (;ause^this  condiftion.  , 

brake  action  returns  to  normal  as  the  -linings  dry.  .  • 

BRAKES  GKAB.  brakes  grab  l£  the  brake  lining.  aVe  S^"*"'/^  'jj^ 
dr,m/are  scored.  If  the  brake  .ho.,  are  Inproperly  adjusted.       brake  backing 
pl««  are  loo«'or  if  the  .wrong  type  of  lining  ha.  been  Installed.^ 

of  the  bfake  and  Is  not  of  a  serious  nature. 

'    .    c    ^  *  '  '  ^ 

Troubleshooting  Hydrovac  Brake  Systems       ^  .  ,  - 

■     «  lSioSo-«ll.  lnt.rval.,W  each  .lx-«onth  period       ."P^f'^L^^"  . 
:nticip.ted  cold  weather  •PV«'t»"-         't!  '     "'f  tSrith^l.To^iratlng 
di«..e-bled  and  cleaned  To^iean  th^  air  clSin^r  «,r.     .  ,. 

•  nUer  adverse  conditions,  xt  is  necessaty  i.« 

friouently     Regular  maintenance  should  be  performed  to  kee^  J^"/" 

li:^To%r.uni     ?d'Uet:p"nihr:y:u:  «ro:;iir.d"Sat 

r  Jrilowl'ng-p^fni:  TS^^^J^  a^^ullj;;?  .ckmg  the  hydrova.  ,un«. 

^4, 
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HAIV  CYLINDER  PRIMAM  CUP  TO  CQMRENSATING  pbRT  CLEARANCE.    It  !•  n«CM- 
sary  that  th«  linkage  !•  properly  .dju.t«i  to  p«r«lt  opening  of  compwwAtlng 
"tlvlth  briUc*  pSl  la  nor«l  full  r^^d  position.    '•^J^'*  ^ 
^^L^  fcw«  c«!iiiMtlas  port  «*y  a*ui«  iufftcitnt  ptMsur*  to  b«  a»lnt«ln«d 
S  Sr*J!l^SSr^^%.  ^^IvV  ^  *  p^rtlany  wiUd  position 

and  thus  cAUM  dragging  brakes. 

RESmiCTED  VACUUM  LIHES.    Vacuum  is  chack«i  at  ths  hydrovac  by  dis- 
connscting  ths  vacuum  Una  at  t^ja  hydrovsc  vacuum  cotmactlon  fitting  and 
holding  a  thumb  ov«r  tha  Una  with  tha  angina  oP^'ti^S-        «V*?lf*1!  ^11 
or  if  airflow  is  slow,  a  chsck  of  tha  vacuum  Una  tq  manifold  should  ba  mada 
for  kinks  in  tubing,  collapssd  lines  or  hosai  and  to  determine  if  the  check 
valve  opens  properly. 

RESTRICTED  AIR  LINE* AND  AIR.  CLEANER.    It  is^  necess^Y  to  disconnect  the 
air  cleaner  line  at  the  hydrovac  and  blow  into  the  line.    If  the  line  is 
restricted  it  is  necessary  to  check -for  colUpsed  hose  or  tubing. 

BRAKES.    The  brake  shoe  should  be  adjusted  for  proper  clearancea.  These 

clearances  should  be  in  accordance  with  the  recommendations  given  in  the 
hydraulic  brake  adjustment  manual.    Excessive  shoe  clearance  causes  excessive 
pedal  travel.    Insufficient  clearan<^e  may  cause  dragging  brakes. 

Note:  Troubleshooting  the  ronaining  parts  of  the  system  employing 
hydrovac.  is  the,  same  as  outlined  in  troubleshooting  the  hydraulic 
brake  systeoc. 


'^SHOE  APPLICATOR  BACK 


Figure  9 


Bonder  and  Deljonder  'Machine  with  Associated  Equipment. 
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Figure  10.  Brake  Riveting.  (Reliner)'  '  ^ 
Machine  Complete  with  Abrasive  Unit.  ^  ^ 

Brake  Reconditioning  Equipm^t 

Various  types  of  brake  reconditioning  equipment  may,  be  ueed 
maintenance  'shops  to  repair  brake  systems  units.    The  following  paragraphs 
are  designed  to  familfiwrize  you  with  some  of  the  representative  types. 

BONDER  AND  DEBONDER  MACHINE.    The  pv^pose  of  a  bonder  and  debonder 
machine  i»  to  reline  brake  shoes  through  the  use  of  heat  Und.a  bonder  tape. 
The  advantage  of  a  bonder  and  debond*r  machine  over  rivet Init  is  the  brake 
A»n'be  worn  doim  closer  toA}^^  b^e  ahoe  th*n  a  lining  put  on  by 
rivets.    Figure  9  shows  a  typical  bondi^r  and  debonder  machine  complete  with 
accessories.  ^ 

BRAKE  RXvferiNG  MACHXNE.    The  purpose  of  a  riveting  machine  is  similar 
.to  a  bonder  and  4ebonder  machine.    Brake  linings  put  on  by  rivets  require 
lesd  equipment/    Figure  10  shows  a  brake  riveting  (reliner)  machine. 

ABRASIVE  MACHINE.    The  purpose  of  an  abrasive  machineisto  grind  the 
brake  shoe  and  lining  to  the  contour  of  the  brake  drum,  figure  10.  An 
abrasive  machine  is  included  with  the  rivetlip*^chlne. 
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Figure  12.    tfot  Honing  Machine. 


brake'  drum  IATHE.    The  brake  dm*  lathe  la  used  to  ref  Inlah  brake  druaa 
that  have  becone  pitted,  grooved,  or  out-of -round.    Figure  11  shove  a  brilke 
drua  lathe  conplete  with  acceaaories.  ^ 

WET  HONING. MACHINE.    Thia  nachlne  ia  uaed  to  hone  brake  cylinders  and 
neater  .cylinder  to  reaove  pits,-  acraCchea,  and  foreign  oaterials  that  nay 
hinder  the  efficient  operation  of  these  unite;    Figure  12  shows  a  typical 
honing  nachine.    Thla  machine  aay  alao  be  uaed  to' hone  many  othfr  auto^tive 
unite.    The  uae  of  theae  machinea  will  be  demonstrated  by  yqur  Inatructor; 
therefore*  furtheif  information  oan  be.  obtained  on  the  procedures  for  operat'io,n 
during  this  time. 

Adjustment  of  Handbrake  ^  ^  * 

Moat  vehicles  are  equipped  with  a  handbrake  or  parking  brake  to  hold 
the  vehicle  when  stopped.    It  should  be  noted  that  the  tern  "handbrake" 
referred  to  in  this  training  publication  la  often  called  the  "parking  brake." 
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.  V        -'^      ■  \ 

Both'of  ch«M  »»lt»  «r|  th«         brake.  /Most  trucks  use  an  external  con- 
w^tint  type  hMi^rcke.  •    •     -  .  ,  '  .  .         -  \ 

The  brake  druk  ts  nount^  on'  the  rear  of  the  transolssipn  or  transfer 
cas;  and  when  ^fplled.  holds'  the  propeller  sh*£t  aiid  keeptv^he  ^^leels  £ro« 
turning.    The  ^rake  is  applied  thr<?>igh  linkage  from  the  cab  of  the  vehicle.  , 
Adjustment  on  ^is  type  ot  brake  consists  of  bringing  the  band  closer  to  the 
drum  as  the  l^Lalng  wears  down.    Car^must  be  taken,  during  adjustment,  to  be 
sure  that  the  Uning  does  not  drag  #:  W  ^pot  on  the  drum;    The  procedure  . 
for  adjusting  this  «ype  of  brake  vlll  be  c6>rved  during  the  pwc ties  1  work 
Assignment  of  this  training  project  outline  where  the  actual -e^ipmfnf  is 
available.  ..  y  ' 

QUEST^WIS   '  '  • 

1.   ■  VJhat  are  the  factors  which  affect  braking  action? 

%     i.      When  or -at  what  point  do  vehicle  brakes  reach  their  maximum 
retarddtlon  (or  slowing  down)  action? 

a.-t.   What  inspection  shouia*  be  performed  on  brake  drums?  Why? 


4. 

turned? 


How  should  you  be  able  to  detecmlne ■ If  a  brake  drum  has  been 


5.      How  should  wheel  bearings  be  cleaned? 
.6.      How  are  wheel  bearings  lubricated?      •  , 

7.  How  much  grease  should  be  placed  in  the  wheel  hub  when  packing  .  ^ 
wheel  bearings?   '  " 

■     '  *  ■ 

8.  What  usuall:^  happens  if  too  ftuch  grease  is  used  to  lubricate  wheel 
bearings?  ,  . 

.    9.      What  conditions  could  cause  the  brake  pedal,  when  applied,  to  go  all 

the  way  to  the  flcor  board?  .  ,  i 

10.      If  the  vehicle  pulls^  to  one  side  when  . the  brakes  are  applied,  it 
indicates  that  more  braking  pressure  is  being  applied  one  side  l^an  the  other. 
Wh/ would  two  different  types  of  brake  linings  cause  the  vehicle  to  pull  ,to 
one  side?  ^  j  • 

a.      If  brakes  were  adjusted  with  no'brake  pedal  free  trAvel.'what  would 
.  be  the  result? 

12..     'When  the  brake"  pedal  action  is  soft  and  spongy,  it.  in<Ji<=«t«« 
there  is  air  in  the  brake  system  or  the  brake  shoes  are  improperly  adjusted, 
how  can  you  best  determine  whether  there  is  air  in  the  brake  system  or  the 
brake  shpes  are  igiproperly  adjusted? 

-  ■  • 

13.    Brake  linings  may  be  put  on  brake  shoes  by  two  different  methods.  - 
What  are  the' two  methods,  and  what  advantages  does  one  have  tfver  t^e  other. 

13.)  .  . 
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14.  Why  Is  it^n«CMtAry  to  reflnlsh  brake  druns? 

15.  Pr<»  what  source  can  InforiBACion  be  obealned  when  croubleshootlng 
brake  ays teas?  ' 

16.  Vhat  safety  precautions  should  be  observed  uhen  troubleshooting 
brake  systfis^? 


17 .  »  What  causes  brake  drums  to  get  out-of-round? 

18.  What  is  self -energizing  action? 

19.  What  should  be  u^ed  to  clean  hydraulic  cylinder  parts? 

,      20.  How  do  major  and  minor  brake  adjustment  differ? 

•   21.    Why  must  wheel  bearings  be  properly  adjusted  before  adjusting 
brakes  ? 

22 .    How  does  a  parking  brake  mounted  on  the  transmission  or  transfer 
case  hold  the  Vehicle  wheels  frdm  turning? 

REFERENCES 

1.  TO  36A-1-76,  Principles  of  Automotive  Vehicles. 

2.  IHC  Motor  Truck  Service  Manual. 
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AIR  AND  AIR-OVER •hydraulic  BRAKE  SYSTEMS 


OBJECTIVES 

'    After  completing  this  un'it  of  anscruction.  you  will  be  able  \o  explain 
the  location,  construction  an*  operating  principles  of  the  air  brake  system 
ilits  and  to  remote,  inspect.,  repair  or  replace,  install  and.  a<iju.t  the.e 
units  and  disassemble, Aspect .  repair  and  reassemble  air -over-hydraulic 
cylinders  usin^  spe^Ul  .tools.'  applicable  pubMcations^and  safety  proce^«4res. 

INTRODUCTION    .  .  ■ 

J^e  fundamental  chartcteriitic  of  the  air  brake  system  is ^ that  the  brakes 
although  controlled  by  the  driver,  are  applied  by  compressed  air.  Co?P"»"*^ 
«ir  provides  sufficient  braking  force  to  control  even  the  heaviest  vehicle, 


INFORMATION 


AtR  BRAKE  "EQUIPMENT 


ITO^iaMT  SWITCH 


Figure  13.    Simple  Air  Brake  System. 

f 

Air  brake  equfpment  on  trucks  and  true J:-trac tors  provides  a  means  of 
rontroUirtg  the  brakes  through  the  medium  of  compressed  air.    Air  brake 
equipment  consists  of  a  group  of  devices,  figure  13.    Some  maintain  a  supply 
of  compressed  air.  some  direct  and  control  the  flow  of  the  compressed  air 
5nd  others  transfer  the  energy  of  compressed  air  into  the  mechanical  force  . 


19 


^  » 


ONI- WAY 
.OtfOC  VMVf 


COMMfSSOt  r 

\ 


SAHTT  VMVI^ 


iisavoM 


VAIVE 


Vsk— L  MAIN  COqt^^, 

•a/ 


GOVEiNOi 

'    LIMITINO  AND  CiUlQC 
'  /  «n.CAS€VAlVf 


I 


HAND  VAIVI 


HCMIN  VAiVf  I"*  llACOi  — 
V  VALVE 


OAOIMr^ 


TWO-WAY^ 
Alt  CONltOi 
VALVE 


 ; 


MANtfOLD 
mttNO 


LOW  PtnSUIE 
IMNCATOt 


EMEXOENCY 
HOSE  COUflINO 


c'  ^  SEi VICE  HOSE 
^  ;  COuniNG 


MAKE  CHAMiit 


BtAKE  VALVE 


t  STOPLIGHT 
SWITCH 

j  * 

\ 

_J  ^  TWO-WAY 
CHECK  VALVE 


QUICK  tELEASE 

Valve 

— — " 


J  y. 


SLACK  AOJUSTBI '^ip; 


Figure  14.    Typical  Air  Brake  Circuit  Diagram. 
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,     Figure-^l5.    Rotary  Air  Compressor.  Figure  16.    Piston  Type  Compressor. 

'  '  and^ motion  necassary  to  apply  the  brakes.    Different  types  and  sizes  of 

ji^ices  are  in 'use  on  different  typc#  of  vehicles  to  meet  operating  requirements 
^'figure  14,"  but  they  are  all  fundamentally  the  same.    Following  are  the  devices 
comprising -a  typical  t^uck  or' truck-tractor  air  brake  system,  with  a  brief 
descriptiort  of  the  function  of  each  device.  i 

'  Compressor 

The  compressor  supplies,  the  compressed  air  to  operate  the  brakes.  Two 
'  cyp^s  of  compressors  may  b* ''found  in  vehicles,  namely,  the  rotary,  figure  15, 
or  piston  tvpe  compressor,  figure' 16. 
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'Om  rotary  typ«  •  rotor  with  four  bXad«s  In  th«  rotor,  figure  17.^ 
The  r>ot*ry  type  air  conpresaors  enploy  three  principal  functional  components 
to  accomplish  air  compreaaion  and  reservoir  pressure  regulation: 

Th« ' coaprusor  proper  which  ponpre^see  «he^ incoming  air. 

The^ir  done  and  oil  sump,  which  separates  oil  from. the  compressed  air 
pumped  by>the  coh^ressor  an^  atores  the  reserve  supply  of  oil. 

The  control  valve  (governor)  which  regulates  the"  pumping  action  of  the 
compressor  to  maintain  the  correct  pressure  range  In  the  air  reseryoir  tank. 


—  ■4- 
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Figure  17.  Cross 
Section  of  Rotor  and  Stator. 


Figure  1,8.    View  of  Compres^r 
Oiling  System. 


Engine  lubricated  compressors  inc-lude  a  fourth  functional  component, 
the  oil  supply  valve,  which  units  tke  compressor  oil  sump  to  the  engine 
pressure  oiling  system.     It  automatically  supplies  oil  from  the  vehicle 
•engine  crankcase  reserves  as  required  to  maintain,  the  correct  oil  level 
in  the 'compressor  oil  sump. 

Compression  Chamber 

The  compressor  rotor  revolves  with  a  shaft  supported  on  bearings  in 
each  end  plate.    This  rotor  is  positioned  eccentric  in  relation  to  the  stator, 
which  surrounds  it,  with  the  small  clearance  at  the  top.    Four  equally  spaced 
I  rotor  blades  contact  the  stator  wall  at  an  acute  angle?  separating  the  space 
between  rotor  and  stator  into  four  compression  chambers,  figure  17.  These 
four  chambers  each  have  their  capacity  progressively  increased  and  reduced 
to  pass  through, thVee  stages;  intake,  compression,  and  discharge,  during 
each  revolution. 


Piston  Type  Compressor 


Another' compressor  commonly  used  Is  the  piston  type;  this  compressor 
aky  be  a  tw6--cy Under  or  mor£.    The  one  shown  in  figure  T6  is  a  two*cylinder 
water  cooled  and  is  lubricate^  from  the  engine  systems*    The  air  intake 
oajces  use  of  the  carburetor^ air  cleaner.    The  lobrica^ion  system  la  a  force 
feed  from  the  truck  engine  lubrication  system,  figure  "18.  '  The- piston  type 
compressor,  is  Ariven  by  a  belt  or  belts  from  the  engine  crankshaft  or 
auxiliary  shaft.    The  compressor  runs  continuously  while  the  engine  is 
running,  but  the-^ctual  compression  of  air  ts  controlled  by^  the  governor, 
which,  acting  in  conjunction  with  the  unloading  mechanism  in  the  compressor 
cylinder  head,  starts  or  stops  the  compression  pf  air  by  loading  or  Unloading 
the  compressor  wherf  the  pressure  in  the  air  brake  system  reaches  the  desired 
minimum  (80  to  85  psi)  or  maximum  ^100  to  105  psi) . 

• 

COMPRESSING  AIR  (LOADED) •    During  the' downs troke  of  each  piston,  a^ 
partial  vacuum  is  created  above  the  piston  which  unseats  ttte  Inlec  valve 
allowing  air  drawn  through  the  intake  strainer  to  Anter  the  cylinder  above 
the  piston.    As  *the  piston  starts  the  upward  stroke,  trie  air  pressure  on 
top  of  the  inlet  valves,  plus  the  inlet  valve  return  ^pring  force,  closes 
the  inlet  valve*    The  air  above  the  piston  is  further  compressed  Until  the' 
pressure  lifts  the  discharge  valve  and  the  compressed  air  Is  discharged 
through  the  discharge  line  into  the  reservoir.    As  each  piston  starts  its 
downstroke,  the  discharge  valve  above  it  returns  to  its  seat,  preventing 
jCihe.  compressed  air  from  returning  to  the  cylinder  and  the  same  cycle  is 
repeated. 

UNLOADED,  NOT  COMPRESSING  AITl.*  When  the  air  pressure  in  the  reservoir 
reaches  the  maximum  setting  of  the  governor  (100rl05  psi),  compressed  air 
from  the  reservoirs  passes  through  the  governor  into  tlie  cjjvity  below  the 
unloading  pistons  in  the  compressor  cylinder  bl6ck.    This  air^  pressure  lifts 
the  unloading  pistons  Which  in  turn  lift  the  inlet  valve^  off  their  seats. 

PASSAGE  OF  AIR  DURING  NONCOMPRESS ION.    With  the  inlet  valves  held  off 
their  seats,  the  air  during  each  upstroke  of  the  piston  is  forced  through 
the  air  inlet  cavity  and  to  the  pther  cylinder  where  the  piston  is  on  the 
downstroke.    When  the  air  pressure  in  the  reservoir  is  reduced  to  the  minimum 
setting  of  the  governor  (80-85  psi),  the  goverhor  releases  the  air  pressure 
beneath  the  unloading  pistons.     The  unloading  pj^ston^  return  spring  then 
forces  the  pistons  down  and  the  inlet  val^e  springs  return         inlet  valves 
to  their  seats  and  compression  is  resumed.  , 

Governors 

•There  are  several  types  of  governors  used  on  vehicle  air  brake  systems. 
Regardless  of  type  or  make,  the  purpose  for  the  governor  is  to  maintain  a 
maximum  and  minimum  air  pressure  in  the  air  brake  system*    The  location  of 
th«  governor  is  different  for  different,  type's  and  mafces.    Some  are  located 
on  the  fire  wall  and  Some  are  on  the  compressor,  and  other  at  different 
locations.     One  of  the  old  standby  governors  is  known  as  the  Bourdon  tube 
(Bourdon  gage)  governor,  figure  19,  also  shown  on  figure  13.    Tliis  type  of 
governor  operates  on  the  Bourdon  gage  principle  of  a  carved  metal  tube  that 
tends  to  straight'en  under  internal  pressure.  *  It  is  adjustable  for  different 
air  pressures,  but  it  is  not  adjustable  to  change  the- difference  between 
the  minimum  and  maximu^  pressure. 


Figure  19.    Air  Brake  System  Governor  -  Cross  Sectional  View^  ^ 


The  type  U  governor,  shown 
in  figure  20,  is  usually  iSDunted 
on  the  fire  wall  and  is  a  diaphragm 
type.    This  governor  consists 
essentially  of  a  diaphragm  upon 
which  air  pressure  acts,  a  spring  f 
to  coQl^rol  the  movement  of  the 
diaphragm  assembly,  and  a  valve 
mechanism  controlled  by  Che 
position  of  the  diaphragm*  assembly 
wfiich  admits  ait  to,  or  exhaust 
air  from,  the  unloading  mechanism 
In  compressor  cylinder  heads.  This 
governor  is  adjustable  for  maintaining 
the  correct  air  pressure  in  the 
system  by  increasing  or  decreasing 
'the  spring  tension  on  the  pressure 
setting  spring.    This  adjusitment 
will  be  practiced  on  the  vehicle 
in  the  training  area  during  practical 

r 

work. 


Another  type  of  governor  used 
on  aom^  vehicle*  is  mounted  pn  the  Figure  20.    Type  "D"  Governor, 

compressor  shovri  in  figure  ;16.    This  '  , 

governor  is  for  the  same  purpose  as  the  others  shgjgi^here,  except  that  the 
mounting  place  is  different.    The  adjustment  instrucTpms  on  these  governors 
will  be  instructed  in  the  classroom  by  the  instructor,  and  additional  in- 
structions and  specifications  can  be  foupd  in  the  applicable  publication  on 
thA  vehicle  you  will  be  assigned  to  for^ractical  maintenance. 


Some  conpresffors  use  the' 
carburetor  air  cleaner  for 
Intake  of  clean  air  as  shown 
in  figure  16*    Some  compressors 
have  an  air  pleaner  fastened 
to  the  air  intake  of  the  com-^ 
pressor  and  cleans  the  air 
for  the  compres^r,  figure  21. 
This  air  cleaner  (air  strainer) 
must  be  disassembled  periodically 
and  cleaned »  dried »  and  lubricated, 


Figute  21. 
Exploded  View  of  Air  Strainer 


There  are  som«  air  cleaners  for  this  purpose  knowp  as  the  yet  type.  These 
•air  cleaners  are  similar  to  the  type  used  for  carburetors,  but  smaller  in 
*size«    The  service  required  for  this  type  is  to  remove  and  wash  clean*  then 
fill  with  oil  up  to  the  mark  shown  in  the  reservoir  of  the  air  cleaner. 

Caution:    Do  not  overfill,  *  ,  ^ 

Reservoirs  (Air  Tanks),  Safety 
Valve  and  Drain  Cocks 

RESERVOIRS.    The  reservoir 
is  sometimes  known  as  the  air 
tank,  figure  22.  There  are 
usually  two  of  these  reservoirs 
used  on  each  truck  and  are  known 
as  the  wet  reservoir  and  the 
dry  reservoir.    The  air  used 
for  the  operation  of  the  brakes 
is  taken  off  the  dry  one.  The 
♦^^rpose  of  the  reservoirs  is  to 
p4.ovide  a  place  to  store  com- 
pressed air  so  that  there  will 
be  an  ample  supply  available 
for  immediate  use  in  brake 
operation.    The  reservoirs  also 
provide  storage  for  sufficient 
compressed  air  to  permit  several  brake  applications  after  the  engine  has 
stopped.    Another  function  of  a  reservoir  is  to  provide  a  place  where  the 
air,  heated  during  compression,  may  cool  and  cause  the  oil  and  water  vapors 
to  condense.    FT^Servolrs  are  tested  agair^st  a  200-pound  pressure  .and  treated 
on  the  inside  with  a  rust ' preventive. 

SAFETY  VALVE.    The  purpose  of  the  safety  valve  is  to  p^tect  the  air 
brake  system  against  excessive  air  pressure.    Should  the  air  pressure  iff 
the  air.  brake  system  rise  above  the  setting  of  the- safety  valve  at  150  pounds, 
the  ball  valve  opens  and  permits  pressure  above  150  pounds. to  be  exhausted, 
.figure  23.    The  safety  valve  is  located  on  one  of  the  reservoirs,  figure  22.  ^ 
The -safety  valve  consists  of  a  spring-loaded  ball  check  valve  which  should 
be  adjusted  to  •'BLOW  OFF"  at  150  pounds  air  pressurdi^^f igure  23. 

DRAIN  COCKS.    The  drain  cocks  have  a  brasa  body  fitted  with  a  tapered 
brass  key.    The  drain  cock*  is  open  when  the  handle  is  parallel  to  the  ^ody, 
and  closed  when  the  handle  is  at  right  angles  to  the- body.    Drain  cocks  arc 
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Figure  22. 
Reservoir,  Safety  Valve  and  Drain  Cock. 


Flgur*  23.    S«ction*l  Flgur*  24.    $«ctloii«l  Vl«w 

*  Vl«w  of  S«£«ty  Valve.  .    o£  Low  P^««»ur«  Indicator. 

installed  In  the  botto»  of  each  reaervolr.  figure  22,  In  the  air  brake  ayatem 
to  provide  a  convenient  meana  of  draining  the  condenaatlon  which  noraally 
collects -in  the  reservoir.    Alwaya  open  a  drain  cock  by  hand.    Never  strike 
the  handle  with  a  haamer  or  any  other  inatruaent.  as  the  cock  will  be  daoaged 
and  leakage  will  develop. 

Low  Pressure  Indicator 

The  low  pressure  indicator,  figure  24,  is  a  safety  disvice  designed  to 
give  an  au^otaatic  warning  whenever  gie  air  pressure  in  the  air  brake  system 
is  below  approxiiaately  60  pounds.    Operating  as  an  air-controlled  switch' 
of  an  electrical  circuit,  the^low  pressure  indicator  automatically  sounds 
a  buzzer  when  the  air  pressure  drops  too  low.    On  some  vehicles  a  light  Is 
used  to  indicate  low  pressure  in  place  of  the  buzzer.  ^ 

•Air  Supply  Valve  ^  ^ 

In  some  cases  the  air  supply  valve  is  included  to  provide  an^^sy  means 
vijf  obtaining  compressed  air  from  the  air  brake  system  for  such  •  purposes  as 
t4)re  inflation^  or  for  whatever  need  you  may  have  for  compressed  air. 

Quick  Relfif^se  Valve  , 

*  .  ■ 

The  purpose  of  the  quick  valve,  figure  25,  iis  to  reduce  the  time  required 
to  release  the  brakes  by  hastening  the  exhaust  of  air  pressure  fyop  the^brake 
chambers.    It  is  most  commonly  used  with  front  wheel  brake  chambets. 

The  valve  consists  of  a  body  containing  a  spring-loaded  diaphragm  so 
arranged  as  to  pertoit  air  pressure  tQ„£16w  through  the  valve  in  one  direction. 
However,  when  the  Supply  pressure  is  reduced,  the  air  which  has  through 
the  valve  is  permitted  to  escape  through  the  exhaust  port,  figure  25. 

25.  ' 


Pigure  25.    S«ctloii*l  '  .  Figure  26.  Sectional 

View  of  Quick  Kelease  Valve.  View  of  pouble  Check  Valve. 

Deubl^  Check  Valve 

Double  check  valves,  fijurf  26.  art  used  In  an  air  brake  system  where 
it  is  neceatf^iry  to  automatically  direct  the  flow  of  air  pressure  into  a  coonon 
line  from  either  of  two  other  lines.  • 

There  are  two  types  of  double  check  valves,  the  shuttle  type  and  the 
disc  type.    The  shuttle  type  doublJe  check  valve  consists  of  a  die  cast  body 
and  two  end  caps.    Inside  the  valve  are  two  rubber  seal  gaskets  and  a  .brass 
metal  shuttle.  ' 

The  disc  type  double  check  valve  consists  of  a  cast  body  and  one  end 
cap.    Inside  the  valve  is  a  rubber  disc  and  a  disc  guide.    One  end  of  the 
end  cap  serves  as  the  disc  seat.' and  the  other  end  is  tapped  for  air  line- 
connection. 

Fundamentally,  the  only  difference  in  the'desjgn  of  the  two  valves  is 
that  the  shuttle  type  has  a  movable  metal  shuttle  which  contacts  rubber  seats 
p  seal  off  tfie  line  not  being  used,  whereas  the  disc  type  has  a  movable 
rubber  disc  which 'contacts  metal  seats. 

I 

Tractor  Protection  and  Two -Way  Valves 

The  pirrpose  of  the  trictor  protection  valve,  figure  27,  is  to  Provide 
•  extra  bsake  protection  for  towing  vehicles.    It  provides  for  complete  braking 
control  of  the  truck  or  tractor  by  pennltting  closure  of  service  and  emergency 
uSel  le^lng  t^b  the  trailer  hose  lines  in  the  event  of  a  trailer  breakaway 
or  other  malfunction  in  the  trailer  or  tractor  air  brake  system. 

I       The  manually  controlled  type  valve,  figure  28,  Installed  on  vehicles 
consists  of  a  two-way  control  valve  and  a  tractor  protection  valve.  The 
handle  of  the  two-way  control  valve  may  be  put  in  either  one  or  two  positions 
called  "NORMAL"  and  "EMERGENCY."  ^ 

For  all  normal  operating  conditions  the  two-way  control  valve  h«n<>l« 
is  placed  in  the  ''NORMAL"  position  which  permits  reservoir  pressure^  to  enter 
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*ad  «et  on  tiM  4li9lHr«tB 
•nd  Mtvie«  4ise  ip»lv»  la 


prMsur«  ls  rMcli«4  la  tha 
tractor  rasarvoir  aail  up'  to 
^aiac  prasaura  ao  air  la  auppllad 
to  tha'  tvaUar  through  tha 
trallar  aBarfaacy  Una.  . 

..Whan  approxloataly  30-40  pal 
tractor  raaarvolr  praaaura  la 
raachad,  tha  Margaacy  valva  aod 
Mrvica  dlac  valva  la  tha  tractor 
protactipn  valva  opan  and  raaaln 
opan  alloirlag  air  praaaura  ta 
be  dallvarad  through  tha  aaargaacy 
Una  charging  tha  trallar  raaarvolr 
All  normal  braking  and  anargancy 

.funcclona  for  both  truck- tractor. 

'and  trallar  ara  ratalnad  aa  long 
t'aa  tractor  raaarvolr  praaaura 
is  a^ova  30-40  pal.  , 


Flgura  27.  '^actlondl 
Vlav  of  Tractor  Pr^actlon  Valva. 


Gombinaclon  Lialcing  Quick  Release 
and  Two-Way  Valves 

Tha  llfflitlng  quick  raleaae  valve  and  two- 
way  valve  are'uaed  ae  a  conbinatlon  In  air 
brake  system  of  trucks »  buses  and  tractora. 
This  combination  permits  full  brake  valve 
delivery  pressure  to  the  front  wha<t  brakes 
when  on  dry, roads »  or  at  the  option  of  the 
driver,  llmlts~-the  pressure  to  the  front 
wheel  brakes <-50^percant  o^  the.  brake  valve 
delivery  vpres sure  wh^  on  slippery  roads.  *  / 

The  two-way  valve  Is  mounted  on  the  dash  within  ^sy  reach  of  the  driver. 
The  limiting  quick  release  valve  is  mounted  at  or  on  tje  front  axle,  whichever 
Is  copyenlent.    Ah  air  line  from  the  brake  valve  delivery  port  la  connected 
to  tha  Inlet  port  of  the  two-way  valv*  and  also  to  th^  brake  valve  port  of 
the  llmAtlng  quick  release  valve..  Another  air  line  is  taken  from  the  side 
dellvero^rt  of  the  two-way  valve  and  connected  to  the  port  opposite  the 
mounting  pld  of  the  "•limiting  quidk  release  »a>ve.    The  two  "jther  side  ports 
of  the  limieina  quick  release  valve  are  connected  to  the  front  brake  chambers. 


Figure  28. 
Two-Way  . 
Contra  Valve, 


The  limit tag  quick  releaaa  valva,  baalda|  providing  for  50  percent 
reduction  of  front  wheel  braking  preasure,  alao  serves  as  a  quick  release 
valve  upon  releaaa  of  brakes.  •        ,  ' 
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Hand  Cdntrol'Valv* 


.  Fltut*  29. 
Hand  Control  V*lv«  A»»«rt>ly. 


figuTft  29 »  U  UM^  tor  cbn- 
troXllng  th«  br*k*  on  a  trAller 
iBd«p«fid«ntly  o£  thM  br»to«  on  . 
th%  towing  truck.    Th«  yalv« 
la  usually  mountad  on  th« 
•taaring  coluan  or  on^ th«  dash* 
Tha  driver  nay  put  the  handle 
in  any  one  of  aeveral  positions 
between  brakes  released  and 
brakes  fully  appliad  position 
ao  the  brakes  on  the  trailer 
ere  kept  appliad  until  the  braka  . 
valve  handle  is  returned  to  releaaa 
position.    The  distance  the  brake 
handle  is  moved  In  a  clockwise  the  severity  of  the  brake 

direction  toward  appliad  P?»^^^*>?/:J?^^"*%'i%jnier  Ly  be  graduated 
application.    Thus  the  brake  fPli*^J^^"°";J*'^*d  "tuition  of  the 
during  both  application  or  relaaae       J^\5"^*".;~/SttSg%.Uverecl  through 
brake  valve  handle  always  determines  the  air  prassure  oemg 
the  service  line  to  the  trailer  brake  equipment. 

The  handle  of  the  brake  valve  i-       '•<^^;;i^5,t,l;^"JS:  trfke"va!ve'iiiu^ 

r-emain  in  whatever  position  it  is  placed       f  *  f  parked  or  when 

never  be  used  to  hold  the  brakes  applied  when  the  vehicia  pa 
the  driver  is  off  duty. 

Brake  Valve  (Tceadle  Type) 

Th.  foot     br.u  V.1V..  -f t,'di«:rr„rt;;:.!°"*:'ortJ;::. 

of  th.  ait  br.JSSy.t.»..-y  b.  on.  of  two  Oiff"'"  , 

1.  the  ttMdl.  type  br.k.  31,  which  i.  fltt«l 

rr«>dls    TH*  "oth«r  1»  the  lever  type  brake  "elve,  iigure  ix, 
TiiSi  iev.t  thet  connects  to  .  convention.1  brake  pedal. 

•  '„ov;«nt  ,f  the  treadle  or  ""'^^i^irivreSTo!' «  TxhilliredTro.. 

«d,.u,t  valve  which  coritrol.  the  air  ^^linrpedil  reeult.  In  a 

tb-sKrake  chybera.    Full        ""i?"  °*  J'!!u^'t«i5u  or  p,dal  result,  m 

::^r.-i:i.t^p:sttfor Tr.".i^uiroi    .3^^^^^^^  -k.. 

•  always. proportional  to  pedal  pressure  appliad  by  the  driver. 


Braks  Chaiabers.  Roto  Chaaa)ers.  Brake  Cylfnders 


•   TiLre  are  several  types  or  kinds  of  brake  cha-b«fr;  uaed  f^^ 
There  ara  sev«r«j.  wy^  Brake  chanbcrs.  roto  chaabera,  or 

•ysteais»  but  the  purpose  i.»  ^^'•/•"•V,^":*;^^!™!,.^  .ir  into  the  mechanical 

to  operate  the  brakes  on  each  wheel. 
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Figure  30.    Brake  Valve,  Treadle 
Type  (Croaa  Sectional  View). 


Figure  31 .    Brake  Valve  v 
Lever  Type  (C^oea  Sectiotial  View) 


BRAKE  CHAMBERS  (DIAPHRAGM  TYPE) .  The  brake  chaaber  conaiata  of,  two 
diahed  aetal  platea.  namely  the  nonpreaaure  plate  and  the  presaure  plate 
fcparated  by  a  diaphragm,  figure  32.  <  * 

In  front  of  the  diaphragm  are  the  nonpreaaUre  plate,  puah  red  and  puah 
rod  ipring.    Behind  the  diaphragm  ia  the  air-tight  cavity  into  whictt  la  connected 
a  tubing  line  from>the  brake  valve.    Due  to  the  extreme  aenaltlvity  of  the  dia- 
phragm thia  arrangWent  permlta  the.  puah  rod  to  reapohd  to  the  •i^i*»J|^'  ^•'i;^ 
atiion  of  air  preaaure  from  the  brake  valve,  thua  permitting  thtf  drlv^  to  apply 
or  releaae  brakea  aa  rapidly  or  gradually  aa  the  varioua  road  and  operating 
condition!  warrant.  ^  ^ 


ir 
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Figure  32.^  Typical 
Brake  Chanber  (Diaphvagn  Type) . 
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Figure  33.  Brakf 
Chamber  (Croas-Sectlonal  Vley) .  ' 
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Mr 


Figure  3A.  Typical 
Brakji  Chasber  (Roto  Chaabar) . 


Figure  35.  Typical 
Brake  Chaabar  (Platon  Type)^ 
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In  order  to  aacc  requlreaenca  for  different  braking  forcea,  brake 
chaabars  are  aade  lil  several  different  size*.    All  alset  are  wde  for  several 
different  type  mountings,  such  as  stud  mountings,  bracket  mounting  and  flange 
■ouating.    Figure  33  shows  a  typical  l^rake  chamber  (diaphragm  type)  using 
a  brand  clamp  around  the  brake  chamber  instead  of  bolts. 

BRAKE  CHAMBER  (ROTO  CHAMBER).    Roto  ehambera.  figure  34,  convert  the 
mnergy  of  c<»pressed  air  into  the  mechanical  fovqi  %^  motion  necessary  to 
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olptiaet  th«  br«k#s.   T>»  «»jor  detail  parts  df,a  roto  cHiuibcr^ara  a  eylla- 
driea>  body»  tubular  dUpbra«i,  Inaar  and  outar  dlaphrat*  claap«»  push  rod, 
•prints  cQ(r«r,' wtiotiaf  ttjida  and  yelta. 

Om  CBd  of  tho  diaphraip  U  coawKtod  fo  ^  ii^Mo  wUl  ot  4^  bo^ 
b!^*  e^ip  eftlM  tSir  otttor  el^v^'  !•  «tt«ctipd  to  4  ^uriT  plati 

and  tha  push  red  -  push  plata  assaably  la  attached  to  tha  dUphrag»;suida. 
Tha  eovar  is  ai«achad  to  tha  outar  body  and  a  yoka  U  scra«a4  onto  .  tha  and  • 
of  .  tha  push  rod  coaplating  tha  roto  eha^r  assaably. 

BRAKE  CHAMBER  (PISTOR  TtWE) Tha  air  cylindar  (piaton  typa) ,  fisui;a  is» 
raquiras  vary  llttla  attantlon,  but  to  iasura  propor  oparation  tha  ^cylindar 
should  ba  kapt  lubrlcatad.    At  in€arvals  of  approxinataly  four  aonths  or 
15,900  nilaa  tha  air  connaction  at  tha  raar  of  tha  fyllndSr  ahould  ba 
raitovad  and  ona  quartar  pint  of  lubricant  (sinllsr  to  ^raphlta  tyea  graasa 
with  lOZ  naat*s-foot  oil)  insartad.  ^ 


Figura  36. 
Sectional  View  of  Slack  Adjuscar. 

Slack  Adjustars 


Figura  37.  Illuatr.atas 
Locking  Slcave  on  Adjusting  Nuc. 


Slack  adjusters  provide  a  quick.  And  easy  metho'd  of  adjusting  the  brake 
to, coapenaace  for  braka  lining  waarl    One  alack  adjuster  is  uacd  for  the 
brakes  on  esch  whe«l^   Sla<;k  adjusters  consist  of  a  worn' and  gear  inclosed 
in  a  body  which  serves  as  an  adjustable  lever,  figure  36.    They  provide  a 
quick  and  easy  means  of  adjusting  the  .brakes  to  compensate  for  brake  lining 
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rar.  flgur«  37.    During  br«k«  op«r«tion,  th«  «ntir«  alack  »dju»ttr  rotates 
bodily  with  the  brake  camehaft.    During  brake  adjuataent,  the  worm  aoves 
cM^gMT  •©  ««  to  change  the  poaitAoa  o£  the  lever  ar«  In  relation  to  the 

brake  camshaft.  '  K. 
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Figure  38. 
Slack  Adjuster  Angle, 


.  When  slack  adjuster  movement 
does  not  give  the  desired  brake 
action,  adjustment  of  the  push  rod 
length  by  altering  the  location  of 
the  yoke  may  be  necessary.  With 
l^akes  released  the  angle  formed 
by  the  push  rod  and  slack  adjuster  • 
must  be  greater  than  90',  figure  38,. 
and  all  slack  adjusters  should  be 
set  at  the  same  apgle.    With  the 
brakes  "fully  applied,  after  being 
adjusted,  this  angle  should  still  , 
be  greater  than  90° .    In  other  words , 
thp  alack  adjuster  should  not  go 
"over  center"  when  the  brakes  are 
applied*  figure  38.    The  position 
on  the  push  rod  should  be  adjusted, 
if  necessary,  UQtil  these  conditions 
prevail. 


Figure  39.  Stoplight 
Switch  (Crosa-Sectlonal  View) 
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ij^t      Figure  40.  «0ne-W4y  Check 
Valve  (Cross-Sectional  View). 


^dp  light  Switch 

The  •t'opltght  twitch  consists  of  a  die  cast  body  containing  a  diaphragm 
and*  contact  disc.    EUctric  contactl  and  a  diaphragm  return  Spring  are  cont«in*d 
in  aA  insulated  cover  I  figure  39.  '  ^ 

One-Way  Check  Valve 

T3>a/«ie-way  check  valve,  figure  40,  is  used  to  permit  passage  of  air 
pr^ufie^ through  the  valve  in  one  direction  only  as  indicated  by  an  arrow 


on^^de  o£  valve. 
Air  Gage 


The  purpose  of  the  dash  mounted  air  pressure  gage  is  to  register  the 
amount  of  air  pressure  in  the  air  brake  system.    While  air  pressure  gages 
of  this  type  are  comMrclally  accurate,  they  must  never  be  confused  with, 
or  substituted  for,  test  air  gages  which  are  intended  primarily  for  accurately 
checking  air  pressure  l(i  the  air  brake  system.  ^ 

Only  test  gages  known  to  be  accurate  arc  to  bfftsed  for  checking  brake  , 
valve  delivery  pressure,  governor  pressure  settings  ind  other  tests.  Test 
gages  differ  from  ordinary  dash  gages  in  respect^  to  material  and  workmanship 
lust  as  an  expensive  watch  differs  from  a  chefcper  one.    Due  to  these  dif- 
ferences they  are  more  accurate  ov«fr  entire  range  and  maintain  their  accuracy 
over  longer  periods.  ^ 

Tubing  and  Tubing  Fittings 

Tubing  and  tubing  fittings  connect  the  different  air  brake  devices  in 
the  air  brake  system.  ^ 

If  any  evidence  is  found  that  a  tubing  line  is  restricted,  remove  and 
blow  air  through  it  in  both  directions. to  be  sure  the  passage  through  the 
tubing  is  not  obstructed  in  any  way.     Inspect  tubing  for  partial  restrictions 
such  as  may  be  caused  by  dents  or  kinks.    Damaged  tubing  must  be  replaced, 

With  the  air  brake  system  fully  charged,  the  governor  cut  out  and  brakes 
applied,  coat  all  tubing  lines  and  fittings  with  soapsuds  to  check  for  leakage. 
No  leakage  is  permissible.    Leakage  at  a  tubing  fitting  is  sometimes  corrected 
by  tightening  the  tubing  fitting  nut.    If  this  fails  to  correct  the  leakage, 
replace  the  tubing  fitting,  the  tubing,  or  both. 

Hose.  Hose  Assemblies  and  Hose  Connectors 

Hose  and  hose  fittings  provide  a  means  of  making  flexible  air  connections 
between  points  on  a  vehicle  which  normally  change  their  position  in  relation 
to  each  other,  also  for  aaking  flexible  connections  between  two  vehicles. 
•All  hose  assemblies  include  detachable  type  hose  connectors  with  spring  guards. 
Hose  assemblies  used -to  connect  the  air  brake  system  to  another  vehicle  are 
fitted  with  hose  couplings.    The  two  hose  lines  or  hose  couplings  at  the^^^ 
rear  of  the  tractor-truck  are  marked  by  tags  identifying  them  as  service 


or  "emergency." 


/  03. 
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Hose  Couplings' and  Dunmy  Couplings 

Hose  couplings  provide  an  easy  and  convenient  method  of  ctfdnecting^ and 
disconnecting  air  lifies  between  v^lcles  hy  hand.    The  design  off  tl»e  hoee 

couplings  is  such  that  when  two  of  them  are  -coaled  together  pressure  is 
put  on  two  rubber  gaskets,  making  an  air-tight  seal. 


Dummy  couplilngs  are  made  in  two  general  designs,  some ibelng\ fluted  with 
brackets  to  permZt  them  to  be  rigidly  mounted  on  the  vehicle,  while  o^ers 
are  fitted  witya  chain  attaching  them  to  the  vehicle.    The  bracket  tyj 
is  used  when  the  dummy  coupling  i?  to  serve  -as  a  fastening  for  holding  hose, 
lines  when  not  in  use,  whereas  the  chain  type  is  used  for  blocking  off  hose 
couplings  rigidly  mounted  on. the  vehicle  as  used  on  the  tracior-truck.  The 
purpose  of  the  dummy  coupling  is  :q  prevent  the  entrance  of  dirt  or  other 
fore'ign  matter  into  the  air  brake  lines  when,  the  lines  are  not  being  used. 


Figure  41.  Installing  a  New  Gasket. 


Figure  42.  Pushing  Gasket  into  Place 


Testing  Couplings 

With  the  hose  couplings  connected  and  brakes  applied,  coat  the  hose 
coi<)lings  all  over  with  soapsuds  to  check  f or  lealtage .    There  must  be  no 'leakage 

Leakage  is  usually  caused  by  worn,  damaged,  or  improperly  installed 
gaskets.    To  porrect  leakage,  instaU  new  gaskets,  figHre  41. 

Remove  the  old  gasket  by  prying  it  out  with  a  screwdriver.  Before 
attempting  to  install  a 'new  gasket,  be  sure  the  groove  in  the  coupling 
in  which  the  gasket  fits,  is  thoroughly  cleaned,  otherwise  it  will  be 
impossible  to  install  .a  new  gasket  properly. 

•  15' 
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'  To  install  «  aw  gASlwt^  partiftUy  «oll«ps«  it  with  thA  fiiit«r«t 
figure  41,  and  «ntar  on*  si4«  of  Cha  gaskat  flange  In  the  gnoova  in  tha 
coupling,    fhan  usa  a  hlunt  noaad  acrawdrivar  or  similar  iMtrunant  to 
push  the  gaaket  into  pUca,  figure  42.    When  properly  installed .  the 
exposed  face  of  the  gaekat  should  be  flat,  not  tvisted  or  bulged  at  any  ^ 
point.       ;  .  *  ,  ■ 

Operation  of  the  Air  Brake  Equipnent  ' 

The  reservoirs  are  charged  with  air  by  a  ca#ressor.    The  reservoir 
air  ha^  access  to  the  l^let  valve  chamber  of  the  brake  'valve  and  the  inlet 
valve  is  then  closed  by  the  tension  of  its  spring  and  air  pressure. 

t  ■     ,  ;  .  •     *.  • 

When  it  la  desired  to  apply  the  brakes,  foot  pressure  is  applied  to 
the  brake  pedal,  which  action  is  cari(ied  .through  the  brake  rod  pulling  up 
on  the  lever  o"^  the  brake  valve.    Thia  coapreaaes  the  spring,  deflects  the 
'diapiiragm  downward,  and  through  the  medium  a f  tha  rocker  arm  closes  the 
exhaust  valve  and  opens  the  inlet  vaive..    Air  1^  thereby  admitted  from  the 
reservoir  to  the' brake  valve,  thence  out  tt^  two  side  outlets  to  the  front 
and  rear  brake  chambers,    "^le  power' thus  exerted  against  the  brake  chamber 
diaphragms  or  pistons  fordea  the  push  rods  out,  rotating  tha  camshafts  to 
apply  the  brakes. 

In  flowing  to  the  rear  brake  chambers  the  air  pressure  paaaes  through 
the  quick  release  valve  entering  at  the  top,  deflecting* the  diaphragm  and  - 
its  seat  to  seal  the  exhaust  opening  while  the  air  pressure  passes  around 
the  diaphragm  to  the  two  side  connections,  each  leading  to,  a  brake  chamber. 

When  the  pressure  built  up  in  the  brake  chambers  and  acting  against 
the  brake  valve  diaphragm  is  enough  tO  compre.S8  the  regulating  spring,  the 
diaphragm  moves  upward,  allowing  the  inlet  valve  to  close  by  action  of  its 

spring. 

The  exhaust  valve  remains  closed  by  action  of  the  inlet  valve  spring 
and  tilting  of  the  tocker  arm.    Further  increase  of  brake  chamber  pressure 
Is  thus  prevented.     If,  however,  there  should  be  leakage  from  the  brake 
chambers  or  piping,  while  the  brake  valve  lever  remains  in  this  position, 
the  resulting  drop  in  pressure  under  the  brake  valve  diaphragm  will  cause 
the  regulating  spring  to  again  unseat  the  inlet  valve  and  restore  the  lost 
pressure. 

When  the  foot  is  removed  from  the  brake  pedal,  the  brake  valve  lever 
Is  moved  back  toward  normal  position  again,  which  relieves  the  tension  on 
the  regulating  spring  so  that  the  diaphragm  will  be  moved  upward  to  its 
normal  position  by  brake  chamber  pressure  underneath  it.    This  permits  the 
exhaust  valve*  to  be  unseated  by  its  sprimg  which  opens  the  brake  chamber 
line  to  attaosphere  and  allows  air  to  exhauat  from  the  brake  chamber. 

If  the  brake  valve  lever  is  moved  all  the  way  back  to  normal  position 
and  left  there  (foot  entirely  removed  from  brake  pedal),  the  brakes  will^ 
entirely  release,  but  if  moved  only  part  way  back  (foot  pressure  eased), 
the  braVes  will  only  partially  release,  the  exhaust  valve  will  remain  open 
until  the  brake  chamber  pressure  has  reduced  to  such  an  amount  as  will  no 
longer  hold  the  diaphragm  up,  whereupon  the  regulating  Spring  will  move  the 
diaphragm  with  rocker  arm  downward  again  and  close  the  exhaust  valve. 
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The  brake  chamber  line  Co  the  rear  wheels  is  related  only  up  co  che 
quick  release  valve  or  relay  valve.  This  allows  the  dlaphragiD ,  to  unseat, 
wic^{«ring  the  eachaust  port  through  w^ch  the  rear  brake  chasd>er«  are  then 

exhausted?'  '  ■ 

Air^Over-Hydraullc  Brake  Booster  Sya|t;em 

The  ^ir-over-hydraulic  brake  l>ooster  systen  is  nothing  more  than 
hydraulic  brakes  with  an  air  booster  cylinder  to  step  up  the  hydraulic  pressure 
in  the  wheel  cylinder  of  the  vehicle. 


Figure  43.    Air  Hydraulic  Booster  Cylinder. 
Booster  Cylinder  * 


V 


This  system  requires  the  addition  of  a  booster  cylinder,  figure  43, 
to  the  regular  hydraulic  brake  system.    The  brakes  are  applied  by  a  regular 
oastv  cylinder  which  exerts  pressure  on  the. control  valve  of  the  booster. 
The  booster,  in  turn,  guilds  up  the  applied  pressure  and  sends  it  out  to 
the  wheel  cylinders  to  apply  the  brakes  as  shown  in  figure  44.^  — ^ 

The  booster  cylinder  is  operated  by  compressed  air  and  this  r'equires 
different  accessqries,  such  as  used  on  the  regular  air  brake  system,  including: 


1.  Compressor.*/ 

2.  Reservoirs. 
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-3* *  Governor* 

i 

5.  Air  pressure  gage. 

6.  Low  pressure  Indicator* 

As  long  as  there  Is  air  pressure  In  the  reservoljcs,  and  che  sy«tem  it 

in  operating  condition  the  hydraulic  brakes  can  be"  applied  with  very  little 
pressure  exerted  on  the  brake  pedal. 

/  .  . 

The  air  hydraulic  booster  has-  a  bypass  port  ^n  the  hydraulic  cylinder 
of  the  booster  which  makes  it  possible  to  apply  the  brakes  even  though  the 
booster  does^not  operate.    This  is  merely  a  ^fetx  jdevlce  in  case  the  booster- 
should  fail,  but  in  this  event,  the  brakes  a^ly  only  with  master  cylinder 
pressure  and  Nare  not  neatly  as  efficient .  * 
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This  type  of  booster  can  be  adopted  tor  use  with. trailer  braked  by 
extending  the  lines  and  adding  a  few  more  Units'. 

Advantage  of  Boosters 

Booster  brakes  have  the  advantage  of  giving  more  braking  effort  with 
less  pedal  pressure.    Modern  passenger  cars  have  started  using  boosters 
(power  brakes)  because  of  the  greater  stopping  power  required  as  the  speed 
and  weight  of  automobiles  increases.    The  vacuum  brake  is  generally  used 
on  automobiles  as  it  requires  no  additional  accessories  other  than  the  booster 
Itself. 

^ 

The  air  hydraulic  booster  is  in  common  use  on  trucks  because  of  the 
greater  amount  of  pressure  differential  that  can  be  developed  with  compressed 
air.     It  is  al-so  easily  adapted  for  pulling  trailers  as  it  has  service  and 
emergency  line  outlets  making  it  possible  to  use  any  trailer  equipped  with 
air  brakes,  figure  44. 

Removal  of  Boosters  '  ^ 

V 

The  air  hydraulic  booster  requires  onl^  the  removal  of  the  hydraulic 
lines,  air  lines  and  mounting  bolts  to  be  takien  off  the  vehicle.  Removal 
of  the  booster  requires  the  brakes  to  be  bled  after  the  units  have  been 
reinstalled. 

Bleeding  Brakes 

It;. is  necessary  to  bleed  the  brake' system  whenever  air  gets  in  the 
lines.  '  Air  in  the  system  is  indicated  hy  a>  " 
become  hard  as  the  air  is  removed. 


spongy"  brake  pedal  which  will 


The  booster  brake  system  is  bled  in  the  same  manner  as  regular  hydraulic 
brakes  with  the  exceptions  ^t hat  the  booster  has  t*o  be  bled  first  and  all 
compressed  air  has  to  be  released  from  the  reservoirs  on  the  air  hydraulic 
system  to  prevent' personal  injury  resulting  ^gm  the  extreme  hydraulic 
pressure  created  hj,^he  booster.  O  t  •  '  . 
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QilBSTlOBS  '  *  / 

1.  «   Hov  is  the  coBprMSor  driven? 

2.  What  i«  the  function  o£  the  breke  che^eri? 

■.  •  ■  . 

3.  Why  is  it  necessary  to  adjust  newly  installed  air  governor? 

A.  Why  is  it  necessary  to  adjust  the  slack  adjusters  of  sn  air  brake 
system? 

5.  Why  are  the  soft  metals  like  brass  or  copper  used  in  lines  and 

fittings? 

*  6.  How  are  the  various  valves  of  the  system  checked  for  operation?  . 

7 .  How  are  the  trailer  brakes  applied? 

8.  What  is  the  Job  of  the  air  supply  valve? 

9.  What  causes  air  to  enter  the  cylinder  of  the  compressor? 

10.  The  air  compressor  is  cooled  by  the  engine  coolant.    Why  is  it 
necessary  to  periodically  inspect  or  service  engine  cooling  system? 

I  r 

11.  How  io  you  determine  the  working  force  of  a  booster? 

12.  What  makes  it  possible  to  apply  the  brak;e8  of  a  booster  system  If 
the  booster  is  Inoperative? 

13.  Why  itf  it  not  a  conBBon  practice  to  use  a^-hydraulic  boftscers  or 
passenger  cars?  '  - 

lA.      When  is  it  necessary  to  bleed  brakes  on  an  air-hydraulic  brake 
system? 

15.  What  is  meant  by  the  term  PSI?  , 

16.  What  is  the  advantage  of  the  air-hydraulic  booster  over  the 
hydrcbvac? 

17.  Would  there  be  any  moisture  in  the  reservoirs- on  an  air-hydraulic 
brake  system  when  in  operatiorf? 

18.  What  brake  system  on  the  automotive  vehicle  is  usually  a  mechanical « 
system? 

S  f  ' 

19.  What  two  methods  are  used  to  bleed  hydraulic  booster  brakes? 

20.  What  malfunctions  may  be  found  in  an  air  brake  system  if  it  fails  to 
pump  up  air  pressure?  « 

*  21.      What  may  be  the'trouble  in  an  air  brake  system  if  the  front  brakes 
do  jioz  release  fast  enough?  » 
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»    22.    There  ere  two  atthods  for  applying  the  eir  brakes  on  the  trelier; 
whet  ere  th^y?        , ^ 

'    23.'  WhetTs  a  fuli  power-brake  system? 

24.  What  do  we  mean  by  pressure  differential*  in  the  booater  cylinder? 

25.  What  would  happen  if  the  bypass  port:  in  the  booster  cylinder  would 
not  close? 

26.  What  safety  precautions  should  be  observed  when  troubleshooting 
air-over-hydraulic  brakes? 

references'  I 

1.  TO  36A-1-76,  Principles  of  Automotive  Vehicles. 

2,  '  Applicable  Vehicle. Technical  Publication. 
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AIE  AND  At»-OVEE  HYDIAULIC  B«AKE  SYSTEMS 

c 

flUECIXVES  ^  i  ' 

When  you  h«vt  c<apUt#d  the  extrclMS  in  thlp  WS  you  will  b«  «bU  to: 
■    Locate,  Idtntlfy,  Mtvlc*  mnd  adjust  air  braka  ayatam  coaponanta. 

,  PBOCEDURE 

This  workahaat  containa  achaaatic  drawinga  and  diagrams  of  the  air 
brake  .yata.  and  co«pon«ita.    Aa  the  inatructor  diacuaaaa  aach  component, 
you  will  ba  required  to  coieplate  atataMnta,  anawar  quaatione.  and  take 
notea  in  the  apacaa  provided. 

I.     What  ia  the  purpoae*of  the  cowpreaaor? 


2. 

Hov  ia  the  coopreaaor  driven? 

3. 

What  happens  to  the  air  when  it  leaves  the  compresaor? 

A. 

What  is  the  purpose  of  the  brake  chamber? 

5. 

What  does  the  linkage  include,?  ^• 

6. 

'What  is  the  purpose  of  the  slack  adjuster? 

* 

7. 

What  is  the  purpose  of  the  air  governor? 

„i,„     >  ■  ■  » 

8.      What  is  the  purpose  of  the  unloader  valves  In  the  compressor  head? 


N 

.  9.     Why  Arc  chcre  two  reservoirs? 


10. 

Whse  Is  the  purpose  of 

thA  brake  valve? 

11. 

How  is  the  brak<^  valve 

actuated? 

E 

12. 

What  Is  the  purpose  of 

the  intake  valve  on  the  brake  valve? 

13. 

What  is  the  purpose  of 

the  exhaust  valve  on  the  brake  valva? 

lA. 

What  is  the  purpose  of 

the  quick  release  valve? 

15. 

Why  is  it  necessary  to 

have  a  relay  valve?  • 

16.      Ooes  the  relay  valve  Incorporate  a  quick  release  valve?  (YES/NO) 


17.  Where  is  the  compressor  located?     

18.  Where  is  the  fir  governor  located *on  this  particular  vehicle? 

a.  Firewall. 

b*      Instrument  panel* 

c.  Engine. 

d,  Coopressor* 

19.  Where  are  the  reservoirs  located  on  this  particular  vehicle? 

a.  Engine  compartment. 

*5         b.  Firewall. 

c.  Under  side  of  vehicle, 

di  Passenger  compartment. 

20.  Where  is  the  quick  release  valve  located?-  


21.    Wh«rtt  it  ch«  r«l«y  valv«  locattd? 


22.    How  many  brake  chambers  on  ehla  particular  vehicle?  (2)  (4)  (6)  (8) 


Bleeder  Valvea 


Hydraulic  Slave  Cylinder 


Air  Cylinder  and 
Power  Piaton  


The  above  Illustration  Is  a  schematic  drawing  of  a  typical  air  brake 
system,'    During  this  lesson  your  instructor  will  discuss  each  component. 

As  the  instructor  discusses  each  component,  you  will  be  required  to 
complete  statements,  answer  questions,  and  take  notes.     Each  page  of  this 
note  book  contains  a  miniature  diagram  of  the  air  brake  system  with  a  specif i 
component  magnified.    Under  each  component  ire  provided  spaces  for  notes, 
questions,  and  other  information. 

At  the  end  of.  this  lesson"you  should  be  able  to  identify  all  of  the 
components  in  the  diagram  and  know  its  purpose. 


Conttftttt  Stipply. 
Purpos*:  ' 


Service  Supply. 


Purpose : 


AIR  BRAKE  SYSTEM  GRGVP 


Exhaust . 
Purpose  t 


Mechanical. 

Purpose:   


Hoses  and  Lines. 


Purpose : 


Fittings  and  Couplings, 


Purpose : 
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SERVICE  PHDCEEURES; 


DRAIN  COCK: 


NOTES: 


SAFETT  VALVE: 
PURPOSE: 


NOTES: 


AIR  SUPPLY  VALVE: 
PURPOSE: 


NOTES: 


AIR  PRESSURE  GAUGE: 

♦ 

PURPOSE: 


NOTES: 


Cipcl*  thA  corrset  iltaniative  to  th*  ttat^pt*  Wlow.  / 

8.  pozpos*  of  th«  brake  i«  to 

a.    r«X»«M  air  to  th«  po««rrolr.    * 

c.  .xijaiu  «h«  ^^raito  ^  sirnrlc*  iini  for  bntfrti^. 

d.  relMM  ^  froK  th«  sor^co  l^ixM.  ^ 

9.  Tho  purp08«  of  •  tho  governor  la  to 

a.  regulate  the  air  in  the  brake,  service  line. 

b.  llfflit  the  amount  of  air  uaed  in  any  one  brake  application. 

c.  «Vt*-«--*4n  a  ^predeterained  mount  of  air  pressure  in  the  air 
reserroirs. 

d.  regulate  the  amount  of  air  entering  the  conpressor, 
Conplete  the  statenents  below. 

10.  The  pui^e  of  the  air  compressor  is  to  .  . 


11.    What  is  the  purpose  of  the  air  reservoir  safety  valve? 


12.    The  purpose  of  the  air  gauge  is  to 


1 


13.    The  purpose  of  the  air  reservoir  is  to 


Ua.    How  is  water  drained  from  the  air  brake  system? 


15.    What  is  the  purpose  of  the  unloading  valve? 
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SZACK  ADJUSTERS 


H7RP0SE: 


Ceaterliaa  of  slack  «d4u8tar  in 
"applied"  position  should  nsvsr 


ISils  angls 
nm^mr  less 
than  90  . 


ADJnStMEMTS: 


V0T6S'. 
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20.  Thm  porpoM  of  tb»  qudek  TvltaM  rtlrm  is  to 

a.  rtt^MM  th«  front  whsoU  qoleklsr* 

b.  r«loMo  tbt  air  to  tbo  front  brako  chanbara  «ora  ^ekXy. 
0.    r«lMM  «c3aa«lva  air  praawira  aten  tha  brakaa  art  appliad. 
4.   rtflanaa  tta'Cront  berim  fbil*  tte  iniliiel*  is  tttndog^^  v 

21.  What  ia  tha  purpoaa  of  tha  braka  chanbar?  _______ 


22.  The  ralay  valva  is  actaatad  by 

a.  -  hTdrauXic  praaaura  froa  tha  braka  valva. 

b.  air  praaaura  trm  tha  air  tanka. 
e.    air  praaaora  from  tha  braka  val^a. 
d.    air  praaaora  from  tha  coapraaaor. 

23.  What  ia  tha  porpoaa  of  tha  slack  adjuatars?  _ 


2U.    What  is  tha  purpose  of  the  liniting/quick  release  valva? 


25.    What  ia  the  purpose  of  the  hand-operated  brake  valve? 

V—  ■ — 


26.    What  is  thO  pui^ose  of  the  tractor  protector  valve? 


1  **'  ' 
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VehlcU  MaJ^tenwic.  Branch  '  7 3 30-80-604 

.Ctaanuta  AFB,  Illlnola 

5  POWER  STEERING  SYSTDC  UNITS 

OBJECTIVES  • 

^ 

After  coapletlng  this  unit  of  instruction,  you  will  be  able  to  explain 
the  construction-  and  operating  principles  of  power  steering  systems  and  to 
remove,  inspect,  repair,  replace  and  adjust  the  power  steering  system. 

INTRODUCTION 

Heavy  wheeled  vehicles  are  hard  to  steer  because  large  loads  on  the 
tires  increase  their  turning  resistance.    The  average  passenger  car  today 
also  can  make  good  use  of  power  steering-  because  the  large  tires  used  cause 
a. heavy  turning  resistance;  this  resistance  is  very  noticeable  when  parking 
or  driving  away  froa  the  curb.    This  difficulty  cannot  be  overcosie  satis- 
factorily by  using  a  steering  gear  with  a  very  high  reduction  ratio  because 
it  would-  require  numerous  revolutions  of  the  steering  wheel  to  turn  the 
vehicle  wheels.    Some  form  of  power  steering  to  aid  the  driver  is  therefore 
desirable.    Air  steering  is  very  satisfactory  on  some  heavy  vehicles  using 
air  brakes  because  they  have  air  supply  available,  but  for  the  average 
passenger  car  and  some  trucks  the  hydraulic  power  steering  Is  favored.  Some 
manufacturers  have  been  using  electri<ial  mechanisms  for  this- purpose,  but 
this  is  not  a  general  practice  on  motor  vehicles. 

INFORMATION 

HYDRAULIC  STEERING  SYSTEM  * 

The  term  power  steering  has  become  well  known  In  the  automotive  field 
since  the  introduction  of  hydraulic  steering  systems  on  various  passenger 
cars     While  there  are  variations  in  the  different  systems  used  on  the 
different  passenger  cars,  the  description  of  the  steering  systems  used  on 
some  cars  will  serve,  in  a  general  way,  to  explain  how  these  systems  function. 

Types  of  Power  Steering  Systems 

There  are  three  general  types  of  power  steering  systems,  they  are 
known  as : 

INTEGRAL  TYPE.    Tl^is  type  the  power  operating; assembly  is  part  of  the 
steering  gear. 

SEMI -INTEGRAL.    This  type  the  control  valve  mounts  on  the  steering  gear 
proper,  with  the  power  cylinder  on  the  linkage. 

LINKAGE  TYPE.    This  type  the  power  operating  assembly  Is  part  ot*^e 
steering  linkage. 

The  integral  type  power  steering  unit  is  located  at  the  lower  end  of  the 
steering  column  on  the  steering  gear,  and  is  connected  by  two  oil  lines  to  the 
hydraulic  pump  mounted  on  the  generator  as  shown  in  figure  45.    On  sotie 
vehicles  the' hydraulic  pump  may  be  a  unit  by  itself  and  driven  by  a    V  belt. 
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The  pump  i«  of  the  convencional 
t^tot  cyp«  with  a  r«lW  valvf 

to  prevent  excessive  oil  pres- 
sures.   Th(?  power  steering  unit 
consists  of  a  valve  body  with 
four  valves  and  two  cylinders 
with  pistons,  one  on  each  side 
of  a  piston  arm,  attached  to 
the  steering  shaft..  In  opera- 
tion, the  valves  direct  oil 
to  the  piston  that  will  assist 
in  making  a  turn  as  explained 
in  the  following  paragraphs. 

The  semi-integral  power 
steering  system  operates  by 

a  hydraulic  pump  located  on 
the  engine  in  a  position  to 
permit  driving  through  a  "V" 
belt  from  the  fan  or  engine 
crankshaft  pulley.     The  control 
valve  is  mounted  with  the  steering 
gear  proper.    This  valve  controls 
the  fluid  flow  to  the  power  cylinder 


Figure  45. 
Location  of  Pow^-Steering  Unit. 


cne  txuxa  .xuw        uu.    The  power  cylinder  serves  to. convert 

Che  fluid,  delivered  to  it  under  pressure,  into  mechanical  movement  taking 
the  steering  effort  away  from  the  driver. 

The  linkage  type  power  steering  system  operates  on  the  same  principle 
as  Che  integral  or  the  semi-integral,  the  main  difference  being  the  location 
of  the  hydraulic  pump,  control  valve  and  power  cylinder.    The : following  text 
is  an  explanation  of  the  operation  and  hydraulic  fluid  flow  through  the  pcwer 
steering  system.'  While  there  may  be  minor  differences  in  construction  between 
the  larger  and  the  smaller  valves,  the  principle  of  operation  is  the  same. 

A  valve-operating-block  in  the  valve  body  is  mounted  on  the  lower  end 
of  the  steering  column.     The  lower  section  of  the  two-piece  steering  column 
is  mounted  in  a  spherical  bearing  to  permit  the  lower  section  of  the  steering 
column  to  pivot  slightly  in  this  bearing.     This  movement  permits  the  steering 
col  imn  spur  gear  (at  the  extreme  lower  end  of  the  column'^  to  move  severart  . 
thousandths  of  an  inch  wi.ttt->«spect  to  the  spur  gear  on  the  worm  shaft.  When 
the  steering  wheel  is  turnejd  one  way  or  the  other,  the  resulting  torque  on 
the  spur  gears  causes  the  steering  column  spur  gear  to  climb  up  and  down^ 
(a  fraction  of  an  inch)  on  the  worm  shaft  spur  gear. 


Maintenance  •        .  •  * 

FILLING  THE  HYDRAULIC  3YSTEM.  -    '  * 

Note:    The  following  maintenjance  instructions  app^y  to  the  IHC.  truck 
pow^r  steering  system.     It  is  recommended  that  the' applicable  publication 
be  consulted  for  the  vehicle  being  serviced.    Xot  all- power  steering 
systems  use  SAE  10  motor  oil   in  the  hydraulic  Eteering  systems. 
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^  ^   X.      Fill  .r«s«rvolr  %rlch  SA£  10  mot^r  oil  to  Che  indicated  level  end 
replace  the  cap*  , 

2.      Start  engine  and  idle  turning  wheels  to  the  full  left  and  right 
,  three  tlAM«  *Shui^  off  angina  and  refill  reearvolr  to  indicated  level «^ 

3«      Continue  operation  in  step  2  until  system  maintains  its  proper  ' 
'indicated  oil  level. 

4.      Run  engine  at  faster  speed  and  continue  turning  wheels  slovly  from 
^^ull  left  to  full  right  and  back  again  for  approxlaately  five  alnutea  to  check 
for  leaks.    This  will  bleed  the  system  of  air.    Again  refill  the  reservoir 
to  the  indicated  level  or  Co  1-1/2'^  below  top  of  filler  neck  on  reservoir 
without  dipstick  attached  to  filler  cap. 

Note:    The  preceding  instructions  are  important. 


»te : 

:lt 


BELt  TENSION:    Check  and  maintain  belt  tension  periodically*    Pump  belt 
tension  is  obtained  by  loosening  the  adjusting  screw  and  moving  the  pump 
upward  and  outward.    The  proper  belt  tension  is  obtained  when  the  belt  can 
be  depressed  approximately\ 3/8"  half-way  between  the  two  pulleys.  Tighten 
pump  mounting  bolt  securely. 

QUESTIONS 

1.  What  is  the  difference  between  the  integral  and  the  semi-integral 
power  steering  system?  * 

2.  Where  is  the  power  cylinder  located  on  the  linkage  type  power 
steering  system?  '  . 

3.  Where  is  the  val\     body  located  on  the  linkage  type  power  steering 
system? 

A.      Wier^  is  tRe  valve  body  located  on  the  integral  type  power  steering 
system? 

5*      Where  is  the  valve  body  located  on  the  semt-tntegral  type  power 
steering  system? 

V 

6.  On^the  powar  steering  system  the  hydraulic  oil  is  pumped  to  the 
<ralve  body;  how  is  the  pressure  contrplled? 

7.  What  are  two  causes  for  steeri^ng  resistance  on  vehicles  ^<>/lthout 
power  steering^  * 

8.  Would  a  power  steering  system  help  reduce  kickback  on  the 
steering  wheel?  ^  2- 

REFERENCES  /  ' 

1.  >    TO  36A-1-76,  Principles  of  Automotive  Vehicles. 


2.    ^HC  Motor  Truck  Service  Manual* 
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jTehlclA  HAlntttxilnct  Branch  3ABR4 7 330-4^04 

Chftnuct  AFB,  Illinois 

•  /' 

FOWEK  StmilK  STSTQI  OMITS     ,  / 

-  »»     '  ,  .  ■  ' 

GBJECnTES 

When  you  have  coaplatcd  ch«  task  lista  in  tl^is  WS  you  i^ll  be  able  to 
service  and  tkaintain  power  steering  punps  and  cylinders. 

EQUIPMENT 

* 

Pump*  Power  Steering 
Cylinder »  Power  Steering 
Mechanics  Handtools 

PReCEDURE  .  '  « 

I 

X:on|>lete  all  tasks  outlined  in  this  worksheet,  following  all  steps 
care£ull>  and  notifying  your  instructor  of  any  assistance  needed. 


V 


( 


I 
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^  I  .    PRAMS  1 

The  purpose  of  a  power  staerlng  ajstm  ia  to  provide  easier  izid 
safer  steering. 

There  are  three  types  of  poner  steering  asssmblies.    They  get  their 
names  from  the  manner  in  ^ich  they  are  integrated  with  the  namal 
steering  system. 

The '  integral  power  steering  system  has  the  control  valve  aad 
cylindr  built  into  the  steering  gear. 

The  swd -integral  power  steering  system  has  the  control  valve  In 
the  gear  and  the- cylinder  connected  in  linkage. 

The  T^-n^^g*  system  has  both  the  control  valve  and  the  cylinder 
c  onnected  in  linkage . 

,In  all  of  the  above  systems,  the  prnnp  is  driven  from  the  flogine  or 
,from  the  rear  of  the  generator  by  a  belt. 

Read  the  statewnts  below.    Determine  which  statament  is  correct. 
Follow  the  directions  found  after  the  statement  you  choose. 

«  ^  ^ 

1.  The  three  types  of  power  steering  systems  are 

integral,  semi -integral,  and  lihlcage.  .  .        Go  to  Frane  2. 

2.  The  three  types  of  power  'steering  systems  are 

control  valve,  cylinder,  and  pump   Go  to  Frame  U. 


FRitt!^  2 

The  stateiwnt  you  selected  read:  "The  three  cypes  of  power  steer- 
ing systems  are  integral,  seml-lnt^jgral,  and  linkage." 

Tou  are  correct. 


Go  on  to  Frame  3* 
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FRAME  j|. 

Tofor  entry  ilkoold  look  Uko  thlot 
2.  Tjrpes 

a.  integral. 

b.  8«nl -integral. 

c.  linkage. 

Make  aoy  corroctlone  necessary  in  year  notebook,  than  skip  to 
Fraae  8. 


FRAME  U 

Tou  selected  the  statenont  listing  the  control  valve,  cylinder, 
and  punp  as  types  of  power  steering  systesis. 

This  Is  not  correct.    These  itsMS  are  conponants  found  in  any 
power  steering  systea. 

The  type  of  system  is  detendned,  not  by  the  conponente,  but  by 
the  manner  in  lAdch  these  compopents  are  mounted  In  the  system. 

■Integral"  means,  literally,  belonging  to  the  lAile.    A  power 
steerlxv  system  having  the  control  valve  and  pump  as  a  part  of  the 
uhole  steering  gear  is  an  integral  power  steering  system. 

A  system  with  the  control  valve  as  a  part  of  the  steering  gear 
but  with  the  cylinder  mounted  separately  and  connected  by  linkage  is 
a  seni-lntegral  system. 

A  linkage  aystom  has  both  the  control  valve  and  cylinder  mounted 
separately  and  connected  by  linkage. 

Answer  the  question  below  and  proceed  to  the  frame  indicated  after 
the  answer  you  choose. 

What  are  the  three  types  of  power  steering  systems? 

a.  Integrat  »d,  separate  cooQectlan,  and 

linkage   Qo  to  Frame  $. 

b.  Integral,  semi -integral,  and  linkage.  .   Qo  to  Frame  6. 
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FRAME  S 


Tou  m  stm  Incorrect.  The  three  types  of  power  steerlK  sntmt 
are:    integral,  senl -integral,  and  linkage.  ■ 

Return  to  Frame  U. 


FRAME  6 

Tou  have  selected  the  correct  answer. 
Go  to  Frame  7. 


FRAME  7 

Your  entries  should  look  like  this: 
2.  Types. 

a.  integral. 

b.  s«ni -integral. 

c.  linkage.  ^ 

t 

Make  the  necessary  corrections  in  your  notebook,  then  go  on  to 
Frame  8.  . 


FRAME  8 

Answer  the  question  below  and  proceed  to  the  frame  indicated  after 
the  answer  you  choose. 

What  are  the  coo^onents  common  to  all  three  types  of  power  steer- 
ing  systems? 

a.  Integral,  semi -integral,  and  linkage.  .  .    Go  to  Fraae  9. 

b.  Control  valve,  cylinder,  and  pun?).  ...     Go  to  Frane  10. 
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*  FR4M19 

lag  sfwUma.  Ton  war*  aslnd  to  idtntifjr  th*  baale  ccT<«nrt»,  or 
parts,  iiiiMiii  to        of  thoM  «3r«t«M. 

Qo  to^FrsM  10. 


FRAME  10 


^  Hm  basic  eoapoiMats  e 
control  ^^^>  «  oylindsr. 


to  all  powN*  atooriag  sjitaw  ara  a 

a  puBp« 


Hotlfy  your  Instnictor  that  you  aror,  raady  for  Part  n  of  this 


project* 


0 
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DIRBCTKMS: 


mS  m    HMP  DISASSBOLT  TASK  U3t 

iOl  stapa  mast  be  acconpllahad  In  the  or^r  listed.  If 
man  is  working  alone  be  will,  of  coarte,  accc^lieh  each 
step.    If  tuo  nw  irork  together,  one  nan  dioold  acecepUah 
the  diaaaewibly  lAiile  the  other  nan  reada  the  ttepa  aloud. 
The  nan  acconpli^iing  the  dieasaenblT'  ahoold  then  read  the 
steps  while  his  partner  tccoaiplishes  the  reasaeably. 

Begin  with  Step  1  below: 


STEP  1.    Remore  the  reservoir  filler, cap 
assonbly  (Item  a  in  Figure  1). 


STEP  2. 


STEP  3. 
STEP  U. 
STEP  5. 
STEP  6. 

STEP.  7. 


STEP  8. 


Loosen  reservoir  carer  mounting 
bolt  (Item  b  in  Figure  l)  and  remove 
reservoir  cover  issenbly 
( Item  c  in  Figure  1) . 

Remove  the  reservoir 
cover  gasket. 

Roaove  filter  elanent 
(Item  d  in  Figure  2). 

Drain  oil  f  rcHU  the 
reservoir . 

Remove  return  stud  from  the 
body  assembly  (Item  e  in 
Figure  2) . 

Ramov^' 
reservoir  to 
body  mounting 
screws  and  lock 
washers  Xltem  f 
in  Figure  2) . 

Remove*  the  rein- 
f  orcment  plate 
(Itsm  g  in  Figure  2)  and 
reservoir. 


Continued  on  next  page. 


Figure  2 


til*  *<y*  line 
•Mia  bttwM^  tht 


Slip  9* 


Fifurt  3). 

STEP  10.    RMCfvt  lnlMk«  »0« 
rinc  9991  rmt9i^r 
(Itw  1  in  Fifor*  3)* 


STEP  11. 


oor^r  to  bo^ 


STEP  12. 


(It«M  j  in  ligur* 
U)  and  aaparmta 
tha  oorar  from 
tha  body. 

Ramrra  body  to 
corar  gaakat. 


STEP  13.    Renova  and  dis- 
card "0"  rlag 
aaal  f  rcn  body 
Hum  k  in 
Flgara  ^ . 


STEP  lit. 


STEP  15. 


STEP  16. 


Seriba  a  Una 
acroas  tha  Innar 
and  oiitar  rotors 
for  raaassMbly; 
paxposas. 

Ramova  tha  outar 
rotor  (Itan  1  tn 
Tigura  5) . 

Rnonra  tha  innar 
rotor  (ItaA  m  in 
Plgara  5). 


I'Unuad  en  naxt  paga. 


Flgara  It 


Flgara  $ 
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STSP  17.    Ramove  th«  imr  rotor 
dil^o  pin  (ItcB  n  In 
Figor*  6)  fron  ^imft. 

STSF  18.    Ramose  tha  bearing 
retaining  ring  (Itam 
0  In  Figure  7)  using 
internal  snap  ring 
pliers . 

STEP  19.    Remove  sbaft  (Item  p 
-^in  Figure  7)  and 
bearing  from  body. 

STEP  20C    Press  bearing  from 
shaft. 

STEP  21.    Remove  shaft  seal 
from  body. 

STEP  22.    Remove  spring  re-' 
tainer  cap  fitting 
(Item  q  in  Figure 
7).    Discard  the 
nQn  ring  seal. 

STEP  23.    Lift  out  the  flow 
control  valve 
spring. 


Figure  6 


Figure  7 


STEP  2U. .  Tap  cover  on  wooden  block 
to  remove  the  combination 
flow  control  and  relief 
valve. 

STEP  25.  To  remove  the  pressure  relief  valve  and  spring  from  the  flow 
control  valve  body,  place,  the  Vilicsin  a  (^«  so^^  Jw) 
place  ^inch  agnl^st  the  relief  valve  and  relieve  spring  pres- 
sure. Remove  the  retaining  ring  using  intemal'snap  ring 
pliers.    Remove  relief  valv%  and  spring. 

STEP  26. ,  Remove  the  return  hose  adapter  (Item  r  in  Figure  7)  from 
the  body. 

TOU  HAVE  CXMPLETED'DlSASSaiBLT  OF  THS,  POMP. 
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PAsp  zh:  fdxp  iasaaa  task  list  ^ 

QISBCncllSt   All  tttpi  mat  b«  •ocoipllrfwi  ia  tbt  ordsr  Utttd.  If 

^  tMi  «t«^.  Xf  m  MB  tdiil>iT»  1^  mm  ^  dto* 
aM«abl«d  tlw  puqf^dioiilid  rmd  Mflh  ttap  aloud  «Bd  hie 
partnir  ahoold  «oooiVll«h  ttaa  aaawMj  prooadorM. 


•   ^ 

 '  —p  ^  ' 


STEP  1.    Place  spriag  and  sallef  valva  in  tha  .ralilif  iralva  body. 
STEP   2.    Install  tha  flow  eontrdl  valvtf  into  tha  puHp  corar. 
STEP   3.    Install  flow  control  va^va  apfing.  ^. 

STEP  U.    Install  naw       rlnc  iaal'oR  flow  control  valva  cap  flttlnc 
and  InBtall  is  piuv  eovar. 

STEP^  $,    Raplace  seal  in  punp  body. 

STEP  6.    Press  bearing  onto  poaq>  shaft  unt^  the  bearing  seats  . 

against  the  shoulder  on  the  shaf t  ^n^  InstalT  the  shaft 
and  bearing  into  ponp  body.  ^ 


STEP   7.    Install  iMsring  retainii*  ring  asing) internal  snap  ring 
pliers.  '  •  ^ 

STEP  8.  .  Zziatall  Inntr  notor  drlV9  pin  in  gr6d|»  in  shAit. 

STEP  9:    Install  inner  rotor  naking  sore  that  the  scribe  line  is 
facing  upward. 

S-ffiP  10.    Install  outer  rotor,  making  sure  scribe  line  is  facing 

upward.  ^ 

STEP  H.  After  the  rotors  have  been  nested  la  the  pwap.body,  tooth 
clearance  shoul^  be  checked  with  a  feeler  gauged  as  shown 
in  Figure  1  (neatt  page) .  If  the  cleArance  axceeds  0.008 
in^,  the  rotors  should  be  replaced  with  a  new  set.  The 
xMfbr  end  clearance  should  be  checked  as  shown  in  Figure 
2^  (next  page).  The  rotors  should  be  replaced  if  this 
clearanpe  exceeds  0.0025  tnieh.  / 

Continued  on  next  page. 


Figure  1 


Figure  2 


STEP 


STEP 


12^    Instrall  new-  "0"  ring  seal  in-  body  and  new  body  to  cover 
gasket. 

f 

IT     Position  cover  on  body  and  attach  cover  with  screws  and 

lock  washers.  Torque  assembly  screws  to  20-25  foot-pounds. 
Rotate  pu5P  shaft  and' check  for. freedom  of  rotation. 


STEP 
STEP 

STfeP 
STEP 
STEP 

STEP 
STEP 
STEP 


IL.    Install  "0"  ring  retainer  into  puntp-  body 

15. 


Position  four  new  "0"  ring  seals  on  pump  body  to  mount 
reservoir. 


16'.    Position  reservoir  over  "0"  ilng  seals  and  pu-irp  body, 

17.    Place  reservoir  reinforcing  plate  in  pbsition. 

13.    Secure  reservoir  and  reinforcing  plate  to  body  -^ith  two 
screws  and  lock  washers. 

19.    Install  pump  return  stud  .into  body. 

'20.    Install  new  filter  eleilent. 

21.    Install  new  reservoir' cover  gasket;  install  cover^and 
tighten  bolt  securely. 

YCU  HAVE  COMPI£TSD  ASSa^LY  OF  THE  PU>[?. 
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DIHECTIONS:    AU  steps  mst  be  acccnplished  la  ths  order  listed.    If  one 
'  nan  is  perfomdng  this  operation  he  naxst,  of  course,  accom-*' 
'  plish  an  steps.    If  two  men  are  working  together,  one  ^uld 
disassesible  the 'cjllndei-'iAile  th»  other  reads  the  steps- 

aloud.  '  .  ' 

-•7 

Begin  with  Step  1  below. 


STEP   1.    Drain  fluid  by  ninning  piston  rod  from  end  to  end. 

STEP    2.    Use  a  fanner  wrench  to  loosen  the  cover  about  1/8  of  a 

turn  (as    diown  in  Figure  1  below) .    This  ail.bend  out  the 
^aked  portion  of  the  outer  cylinder.    The  cylinder  should 
then  be  tai>pe?-aA8ii*ly         *  mallet  in  the  staked  area 
in  order  to  straigjiten  ait  the  threads.  ^ 


Figure  1.  Figure  2. 

STEP<   3.    Unscrew  and  retaove  cover  (ttem  a  in  Figure  2) 

STEP    U.    Remove  seal  from  piston  rod. 

STEP         Remove  spring  retainer  and  spring., 
♦ 

Continued  on  the  next  page. 
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STEP  6. 


Loosen  packing  from  around  bearing  (Item  b  in  Figure  3)  and 
r^ove.  c.  . 

d. 


Figure  3 . 


STEP    7.    Remove  bearing  (Item  c  in  Figure  3)  from  cylinder  barrel 
and  piston-rod  (Item  d  in  Figure  3) • 

STEP    8.    Take  hold  of  the  threaded  portion  of  the  piston  rod  and 
p'jLll  out  rod,  piston,  and  piston  ring  assembly. 

STEP    9-    Remove  piston  rings  (Item  e  in  Figure  U)  from  the  piston 
..(Item  f  in  Figure  h)  . 


Figure  h 


THIS  COMPLETES  DISASSEMBLY  OF  THE  CYLINDER 
NOTIFY  YOUR  INSTRUCTOR 


V 


PAST  V:    C7LIHD&R  ASSSfELT  TASK  IX^ 

DIRECTICJNSi    All  steps  must  be  accaiipli^d  in  the  order  listed  below. 

If  two  aen  ere  worki&g  together,  ,the  nen  who  disessenbled 
*  •  the  cyllndfcr  shoiad  reed  the  ftepa  alood  ead  hie  partner 
shguld  accoaq;>lish  the  assenbly. 

("^  Begin  with  Step'l  below. 


STEP 

Install  piston  rings  to  plstcii  ana  roa  aasmox/* 

With  the  aid  of  a  piston  asscnbly  installer  sieave,  insert 
the  piston  rod  assembly  In  barrel. 

STEP 

2. 

STEP 

3. 

Slide  bearing  onto  piston  rod  and  into  barrel. 

STEP 

u. 

Position  new  packing  into  barrel  and  around  oeanng.  ^/ 

STEP 

Install  spring  with  the  large  diameter  next  to  the  bearing, 
making  sure  it  rests  in  its  seat. 

STEP 

6. 

Insert  spidng  retainer  into  the  spring.  *                       ^  ' 

\ 

ST5P 

7, 

With  the  rod  seal  thimble  positioned  on  the  threaded  end  of 
■  the  rod  and  over  the  wrench  fl^ts,  install  a  new  piston  rod 
seal,  making  sure  the  side  with  the  lettering  "THIS  SIDE 
OUT"  is  started  on  the  rod. 

STEP 

8. 

Install  cover  and  tighten  securely  with  the  spanner  wrench. 
The  face  of  the  cover  should  now  be  flush  with  the  end  of 
tJift  miter  cvllnder  barrel. 

STEP 

• 

9. 

Stake  outer  cylinder  barrel  into  a  wrench  slot  with  a  blunt 
nosed  tool.    Select  a  point  op  the  cylinder  not  previously 
staked,  if  possible. 

r 

YOU  HATE  llbw  CX3MPIETED  ASSEMBLY  OF  THE  CYLINDER 
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'fehicle  Maintenance  Branch 
Chanute  AFB»  Illinois 


3ABR47330-SG-605 


FRAME  ALIGNMENT  AND  WHEEL  BALANCING 


OBJECTIVES 


After "completing  this  unit  of  instruction,  you  will  be  able  to  check 
vehicle  frame  alignment  and  perform  wheel  balancing  using  special  shop 
equipment . 

INTRODUCTION 

The  importanj:e  of  wheel  alignment,  wheel  balance  and  body-frame 
straightening  in  the  automotive  field  cannot  be  minimized.     Its  proper 
understanding  by  service  men  is  essential  if  motorists  are  to  conserve 
costly  tires  and  prolong  the  life  of  their  automobiles.    No  other  phase  of 
automotive  operation  when  neglected  can  be  so  costly  or  so  dangerous  to  the 
owner  of  a  'car  or  truck^ 

INFORMATION 

-flvery  wheel  alignment  mechanic  (should  know  how  to  accurately  check 
alignment  of  the  frame  and  should  h^'c  a  thorough  knowledge  of  how  fram^ 
misalignment  directly  affects  wheel  and  steering  alignment.     The  procedures 
for  checking  vehicle  frame  alignment  and  performing  wheel  balancing  are 
contained  in  Programmed  Text  3ABR47330-PT-605.    Study  this  information  and 
illustrations. carefully  and  "be-able  to  answer  the  questions  therein. 
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Vehicle  Maintenance  Branch 
Chanut^  AFB,  Illinois 


OBJECTIVES 


3ABKA7330-SG-606 

t 

STEERING  f ACTORS,  SPRINGS  AND  SHOCK  ABSORBERS 


*  *After  completing  this  unit  of  instruction,  you  will  better  understand 
vehicle  steering  factors  and  the  purpose  of  springs  and  shock  absorbers. 


INTRODUCTION 


The  frpnt-end  assembly  of  the  modern  motor  vehicle  is  one  of  the  most 
remarkable  engineering  accomplishments. on. the  entire  vehicle.     It  is  a 
system  of  interrelated  angles  of  axles  or  other  suspension,  wheels  and  other 
chassis  parts  to  permit  ease  of  steering,  gr'eater  safety  and  to  prevent  . 
abnormal  and  wasteful  wear  of  tires  and  suspension  parts.    In  wheeled  vehicles 
the  susi*ension  must  provide  for  absorption  of  road  shocks,  allow  the  driver 
to  steer  the  vehicle,  and  be  efficient  over  a  wide  range  of  speed  and  load  ,^ 
conditions.    The  keeping  of  the  suspension  system  in  top  condition  at  all 
times  is  of  utmost  importance "for  the  safe  and  efficient  operation  of  the 
automotive  vehicle.  ■»      •  - 

INFORMATION 

Information  relative  to  steering  factors,  spririgs  and  skock  absorbers 
is  contained  in  Programmed  Text  3ABR47330-PT-606.    Study  this  information 
and  illustrations  carefully  and  be  able  to  answer  the  questions  therein. 
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Vehicle  Maintenance  Branch  "  3ABR47330-SG-607  /  ^ 

Chanute  AFB,  Illinois 


-  SERVICE  AND  ADJUSTMENT 
OF  BEAM-TYPl  FRONT  AXLE  SUSPENSION  SYSTEM 


OBJECTIVES 


After  completing  this  unit  of  instruction,  you  will  be  able  to  remove, 
inspect,  repair  or  replace,  install,  and  adjust  conventional  front  axle 
steering  system  units. 

INTRODUCTION 

Automotive  vehicles  use  various  types  of  front  suspension  systems-. 
Although  these  .suspensions  will  differ  in  desi^.,  they  must  provide  for 
up  and  down  movement  of  the  wheels,  plus  allowirg  wheels'  to  swing  at  various 
angles  to"  the  vehicle  frame  for  ^steering.     In  order  t/5  permit  the  front  wheels 
to  swing  to  one  side  or  the  other,  each  wheel  is  supported  on  a  spindle  which 
is  a  part  of  a  steering  knuckle.    The  steering  knuckle  is  then  supported, 
through  a  kingpin,  by  the  front  axle  beam  or  by  a  steering  knuckle  support. 

INFORMATION 

FRONT  AXLE  V 

The  axle  on  the  conventional  type  steering  system  Is  of  the  I-beam  type. 
This  axle  must  not  be  bent  or  sprung  in  any  way  during  vehicle  operation. 
A  bent  axle  will  cause  difficult  steering  and  excessive  tire  wear.  Conventional 
front  axles  are  sometimes  known  as-  "dead"  or . I-beam  axles,  figures  46  and  47. 
"Dead"  axles  are  so  named  because  they  have  no  driving  power.    Front  axles 
that  have  driving  power  are  known  as  "live"  axles.     However,  both  types  of 
axles  are  equipped  with  a  steering  system  which  must  be  maintained,  figure  46. 

Steering  System  Components  ^ 

STEERING  KNUCKLE.     A  typical  steering  knuckle  is  illustrated  in 
figure  47.     It  is  attached  to  the  axle  by  a  k ' ngpin  and  bushings.     In  the 
ball  joint  suspension  used  by  some  of  the  modern  passenger  cars  the  kmgpms 
are  omitted.     Excessive  wear  at  the  kingpins  requires  tW  installation  or 
new  kingpins,  bushings,  or  bearings.     In  live  front  axles  the  wear  may  be 
ad.usted  by  removing  shims  next  to  the  taper  roller  bearing.    The  bearing  ^ 
must  be  lubricated  as  required. 

The  front  wheel  is  attached  to  the  spindle  of  the  steering  knuckle. 
Excessive  wear  in  the  front  wheel  bearings  will  also  cause  improper  steering. 
The 'front  wheel  bearing  must  be  adjusted  as  recommended  by  the  manufacturer 
of  the  vehicle. 

'STEERING  KNUCKLE  ARM.     A  steering  knuckle  arm  is  bolted  and  keyed  to 
each  steering  knuckle  or  to  the  brake  backing  plate  which." in  turn,  is 
attached  .to  the  steering  knuckle.    A  two-bolt  attaching  arrangement  is.otten 
used  to  reduce  localization  of  scress.     Very  little  trouble  is  encountered 
wiCh  the  steering  knuckle  arms.     Bent  steering  knuckle  arms  should  be  replaced, 
since  it  is  almost  impossible  to  align  them  in  their  original  position. 
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figure  46.     A  Conventional  Type  Steering  System, 


TIE  ROD.    The  steering  knuckle 
arms  are  Interconnected  by  a  tie 
rod.  The  ends  of  a  tie  rod  for 
most  passenger  cars  and  light 
trucks  «r«  fitted  with  tie  rod 
ends  of  the  type  shovm  in  fig- 
ure 48.    Heavier  vehicles  usually 
are  equipped  with  tie  rod  ends 
similar  to  those  shown  in  fig- 
ure ■49.    The  tie  rod  ends  are  ^ 
threaded  to  the  tie  rod  so  chat 
the  tie  rod  can  be  lengthtned  or 
shortened  to  adjust  the  front  wheel 
toe-in.    Some  steering  systems, 
esp^ecially  the  independent  type 
suspension,  are  equipped  with  two 
tie  rods.  The  tie  rod  ends  should  ' 
be  lubricated. as  recommended  by 
the  lubrication  chart  pertinent 
to  vehicle  in  use. 


KHUCKUE  ARM 

iruo 

OUST  SCM. 


LUBRICANT 
riTTING 


TIC  ROD 


c»mp 

BOLT 


Figure  48. 
A  Light  Duty  Tie  Rod  End. 


• 


Figure  49.     A  Heavy  Duty  Tie  Rod  and  Ends. 

DRAG  LINK.     The  drag  link,  is  similar  to  a  tie  rod  and  connects  the 
pitman  arm  w^th  the  steering  knuckle  a«D,     The  ends  of  a  drag  link  are  similar 
in  construction  to  tie  rod  ends.     Parallel  arm  suspension,  In  most  cases,  does 
not  make  use  of  a  drag  link.    The  ball  and  socket  joints  in  a  drag  link  nay 
be  adjusted. to  compensate  for  wear,  figure  50.     Some  drag  link  ends  are  like 
the  tie-rod  end  in  figure  48 -and  cannot  be  adjusted.    The  drag  link  ends  should 
be  lubricated  in  accorda*^ce  with  the  lubrication  chart. 

STEERING  GEAR  ARM.    The  steering  gear  arm,  commonly  referred  to  as  the 
pieman  arm,  connects  the  steering  gear  cross  shaft  with  the  steering  drag 
link.     It  is  fastened  to  the  splined  end  of  the  cross  shaft  by  a  nut.  No 
particular  maintenance  is  required  of  this  unit.    However,  the  nut  should 
always  be  tight . 
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OMAH  MTAINIR  CAT 
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Figure  50.    Drag  Link  -  Disassembled  View. 

STEERING  ALIGNMENT.     Steer ing  ^-lignxnent ,  as  referred  to  in  the  automotive 
field  today,  may  be  defined  as  a  system  of  interrelated  angle*  of  the  axles, 
wheels,  and  other  chassis  parts,  to  permit  ease  of  steering,  greater  safety 
and  to  prevent  abnormal  and  excessive  wear  of  tires  and  front  end  parts. 

The  main  purpose  of  steering  alignment  is  to  make  the  four  wheels  roll 

without  scuffing,  dragging,  or  slipping  under  all  road  operating  conditions. 

This  gives  gre/ter  safety  in  driving,  easier  steering,  longer  tire  wear  and 

less  strain  on  the  parts  that  make  up  the  front  end  of  the  vehicle. 

Correct  steering  alignment  is  obtained  through  interrelated  angles,. 
Thus,  any  service  of  this  type  includes  a  cotnplete  inspection  of  the  chassis, 
wheels  and  steering  linkage.    Misalignment  of  one  may  distort  others.  Modern 
methods  and  equipment  make  it  possible  to  check  each  steering  angle,  irrespec- 
tive of  others,  quickly  and  accurately-  i| 

All  settings,  when  once  establi&hed  by  the  manufacturers,  -should  be 
rigidly  complied  with.    Any  changes  due  to  wear,  accidents,  strain,  etc, 
must  be  corrected  to  the  original  specifications.    'Nearly  all  of  the  steering 
angles' are  engineered  within  a-  degree  or  two,  or  even  fractions  of '.a  degree. 
Jhat  is  why  they  are  so  easily  disturbed  by  loose  bearings,  weak  or  broken 
springs. 

.  For  this  reason,  periodic  steering  alignment  inspections  followed  by 
whatever  corrective  steps  necessary,  result  in  a  tremendous  saving  of  tires 
and  money.  ,^ 
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If  camber  Is  wrong  on  a  convention*!  steering  systen  and  nothing  can  be 

fiund  worn  or  loose,  the  axle  could  be  sprung  and  would  have  to  be  corrected 
by  bending. 

Caster  ii  adj'iisted  by  the  use  of  shim*  between  the  springs  and  the 
axle,  but  it  could  also  be  that  the  "U"  bolts  "are  loose  and  not  holding  the 
axle  in  alignment  with  the  springs,  or  the  a^>rings  could  oe  weak. 

Glossary  of  Terms 

Following  is  a  glossary  of  terms  that  are  used  throughout  this  course 
r>f  instruction.  .  * 

Camber.     ThC-^inVard  or  outward  tilt  of  the  wheel  at  the  top. 

Camber  Roll.    An  inherent  characteristic  of  certain  independent  front 
suspension  vehicles  to  momentarily  change  the  front  wheel  camber  angle  under 
certain  driving  conditions.  .  .  ^ 

Camber  Wear.    We^r  on  one  side  of  the  tire  tread  caused  bj^  the  tire  tread 
running  at  an  angle  to  the  road  surface.  » 

Caster.    The  backward  or  forward  tilt  of  the  steering  knuckle  pivot  pins. 

Center  of  Gravity.    An  imaginary  point  about  which  the  vehicle's  weight  is 
balanced. 

Cornering  Force.     The  sidi  slippage  force  generated  between  the  tire  and  . 
pavement  when  rounding  a  turn. 

Cornering  Wear.     An  abrasive  type  of  tire  4,ear  caused  by  Cornering  force. 

Curb  Weight.  The  net  weight  of  a  vehicle  including  a  full  supply  of  fuel,  oi 
and  water. 

Distortion.     A  twisting  or  tvisced  condition. 

Frequency.     The  number  of  oscillations,  vibrations,  cyrli^s,  or  changes  in 
direction  in  a  unit  of  time. 

Front  Suspension.     A  series  of  linkages  by  which  the  front  wheels  are  attache 
to  the  frame  used  to  support  the  front  end  of  the  vehicle  and  keep  tne  front 
wheels  in  proper  aiignoent  (Independent  Front  Suspension) . 

Ringpin  Inclination.     The  amount  in  degrees  the  upper  end  of  the  ki"gpia  or 
knuckle  pin  is  tilted  inward  toward  the  center  of  the  vehicle. 

Knuckle.  A  niovable  joint,  of  which 'the  front  wheel  spindle  is  a  part,  which 
■  can  be  turned  to  left 'or  right  to  steer  the  car  on  its  desired  course. 

Knuckle  Pin.  A  steel  pin  that  attaches  the  steering  knuckle  to  the  vertical 
support  or  axle,  around  which  the  knuckle  can  pivot. 

Knuckle  Support.     That  part  which  connects  the  outer  ends  of  the  upper  ir.j 
lower  suspens ioij^ support  arnjs  and  to  which  the  steering  knuckle  is  attac.-.ed. 
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Leverage.    The  mechanical  advantage  gained  by  che  use  of  a  lever « 

Pltmn  Ann  (Steering  Gear  Arm).    The  arm  or  lever  which  transmits  the 
rotating  force  of*  the  , steering  gear  cross  shaft  to  the  lateral  movement  of 
che  steering  connecting  rod  or  drag  link. 

Pui:  (Lead)*    The  tendency  of  a  vehicle  to  pull  or  lead  to  the  right  or  left 
of  thii  highway, 

Radius'.  The  distance  from  the  center  of  rotation  to  ihe  arc  or  circumference 
of  the  circle  made  by  the  rotation. 

Road  Shock  (Wheel  Flight  of  Steering  Kick).    A  shock  movement  or  kick 
^.  transmitted  to  the  steering  wheel  through  the  steering  linkage  caused  by 
irregularities  in  the  road  surface  or  a  faulty  steering  system. 

Scrub  Radius,     The  distance  between  the  intersection        an  imaginary  center- 
line  of   the  steering  knuckle  pin  and  the  centerline  of  a  tire  on  the  road. 

Shim.     A  spacer  to  adjust  and  maintain  the  distance  between  two  parts. 

Shimmy  (Wobble).     A  rapid  series  of  oscillations  of  the  steering  knuckle, 
wheel  and  tire  assembly  about  the  steering  knuckle  pin. 

Stabilizer.    A  torsional  bar  and  linkage  to  eliminate  sway  and  decrease  the 
side  rolling  tendency  of  the  car  From  the  body. 

Support  Arms.  The  horizontal  arms -of  the  front  s^isj^nsion  by  which  the  front 
wheels  ^re  attached  to  the  frame  used  to  support  the  .front  end  of  the  vehicle 

Ti?e-InTToe-Out .     The  difference  in  distance  between  the  front  tires  aL  the 
extreme  front  and  the  extreme  rear 'at  .spindle  height  when  the  wheels  are  In 
"the  .str:3  ight-ahead  position. 

Tce-<.^ut  on  Turns.     The  differente  in  turning  radius  of  the  two  front  wheels 
when  milking  a  turn  to  left  or  right. 

Torque.-    A  force  tha^t  tends  to  produce  a  rotating  or  turning  motion. 
Tramp.     The  action  of  a  wheel  to  .jump  or  hop  up  and  down. 

Unsprung  Weight.     The  weight  of  that  part  of  a  vehicle  that  is  not  supported 
by  the  spr  i.ngs  . 

QUESTIONS        .  ' 

^         1*.     VHiat  is  an  I-beam  type  of  front  axle?  ' 

2.  What  ^o<:xd  be  the  results  of  a  spr^^ng  front  axJe? 

3.  What  procedure  should  be  used  for  Correcting  a  bent  steering 


knuckle' 


Figure  A?  shows  a  lockpin.     What  does  this  pin  lock? 
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.  '  5.      Why  are  some  front  axles  known  as  "dead"  axles  and  some  "live"       •     /  f 


axles 


0,. 


they ; 


The  pitma-n  arm  is""  connected  between  ti/a  other  parts.    What  are 


7.      What  is  the  purpose  of  the^sfe  rod? 

k  8.  What  is  the  purpose  for  a  rod  having  left  threads  on  one  end  and 
right  thrSmds  on  the  other? 


autv? 


10. 


•^•hat  is  the  difference  between  heavy  dutv  tie  rod  ends  and  light 

t 

What  is  the  purpose  for  steering  alignment? 

The  tie  rod  ends  are  connected  to  what  two  parts? 

How  do  you  change  camber  on  the  conventional  front  axle? 

If  caster  is  wrong  on  the  conventional  axle,  how  would  you  change 

'.>.at  steering  factor  would  badly  worn  kingpins  and  bushings  change? 

'wTiac  steering  factors  would  loose  wheel  bearings  change? 

If   toe-out  on  turns  is  wrong.' what  part  of  the  steering  system  should 


DO  changed' 


What:  is  Onsprung  weight? 

What  is  curb  weight? 

'Jhat  is  positive  camber? 

'What  is  negative  caster? 
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.J^ehicU  Ma'intettance  Branch*        •  '      •   *  /  .  /  '   3ABR47 3 30-50-608 

Chanute  AFB,  Illinois 

^  -  SERVICE  AND  ^^DJUSTMENT 


OF  INDEJENBENT  SUSPE^IS ION SYSTEMS 


OBJECTIVES  ^ 


After  tompleting  this  unit  of  instruction,  you  will  be  able  to  inspect, 
■    repair  or  replate,  install  and  adjust  independent  suspension  steering  system  ^ 
units.  ,  ■  ' 

•    INTRODUCTION        .  -  . 

!^st  laadern  automobiles  now  use  some  type  of  independent  front  suspension. 
This  beans  Chat  each  front  wheel  is  independently  supported.    There  are 
several  different  designs  of  front  suspensions  in  present  use.     Each  vehicle 
.     manufacturer  uses  his  own  type  so  always  refer  to  the  manufacturer's  manual 
^   -for  ^pecfific  information  about  these. 

NFORMATION 

OPERATION  AND  ADJUSTMENT 

Due  to  greater  flexibility,  new  type  suspension  systems  are  easily 
knocked  or  jarred  cut  of  proper  alignment.     In  addition,  they  are  subject  to 
far  greater  strains  in  driving  .than  were  earlier  models.    Think  of  the  extra 
wear  and  stresses  resulting  from  impacts,  at-.high  speeds,  sudden  application 
of  brAes,  skidding  and  swerving.     It  ^s  little  wonder  that  even  under  average 
driving  conditions  steering  alignment  anglea^ecome  disturbed  resulting  m 
costly  tire  wear  and  hard  steering. 

Checking  Vehicle  ^  .  * 

Checking  a  vehicle  equipped  with  any  of  the  various  types  of  independent 
suspension  units  does  not  differ  materially  from  that  o^the  conventional 
axle  designs  except  where  reference  is  made  to  the  act^  check  of  the  axle 
itself.     All  tests  should  be  made  with  the  vehicle  in  ar level  position. 

It  is  important  that  the  vehicle  is  at 'curb  weight,  with' no  passenger 
load,  but  with  spare  tire  and  with  normal  supply  of  water,  fuel,  and  oil. 
The  parallel  arm  type  of  independent  wheel  suspension  consists  of  a  set  oi 
arms 'supported  through  a  coil  spring  and  dampened  by  shock  absorbers. 

The  corrections  of  camber  and  caster  are  performed  through  the  adjustn^.enc 
of  the  component  arms  and  levers.     There  are  several  vefiicles  that  use  this 
type,  all  the  same  in  principle,  but  differing  in  construction  and  adjustment 
procedures. 

'■     -  '       '■  >  ■    .  • 

Wheel  Mounting 

If  one  of  two  wheels  mounted  at  opposite"  ends  of  a  Vigid  axle  received 
'a  jar- or  jolt,   the  whole  suspension  system,  including  the  axle  is  affected. 
This  means  that  a  large  unsprung  weight  is  set  in  motion  which  results  in 
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poor  riding  qualities.     When  a  wneel  hits  an  obstruction*  the  force  of  the 
impact  is  directly  proportional  ca.the  Mnsprung  Wight  which  it  carritf&. 

The  force  of  the  impact  places  a  strain  on  the  wheel,  axle,  springs,  steering 
mechi&nism,   etc,  ^ and  has      de  structive  effect  on  the  road.     Hence,,  i^t  is  highly*^ 
desir^abie^  to  reciuce  the^  unsprung  weight  as  much  as 'possibi^e. 


*     With  independent  suspension  the  wheels  rf  a  motor  vehicle  are  individually 
supported  so  that  each  wheel  functions  independently  &f ' the  others,  ^he 
following  are  , the  most  inportant  features        independent  suspension:  When 
on4  ^heel  passes  over  an  obstructidn,  the  shock  is  not  transmitted  to  the 
op|osite  wheel,  thereby  aiding  steering  and  reducing  chassis  distortion;  ' 
55^tj^^^sprung  weight  is  reduced  ,to  a  mijiimutn  and  is  conf,ined  to  the  weight 
of'^Ifc^  wheel  itself  and  does  hot  include  the  axle,  springs,  and  steering 
linkage,  thereby  improving  ritfing  qualities. 


Figure  51*     Ball  Joint  Suspension 
Upper  and  Lower  Control  Arms • 


Figure  52.     Ball  Joint  Suspension 
ShocJc  Absorber  and  Coil  Spring. 


Parallel  Arm  Suspension  System  - 

The  para lj.el  arm  suspension'  is  tKe  most  commonly  u*^ed  of  the.severaj. 
independent  wheel  suspension  types  manufactured,  figures  51  and  52,     The  ; 
upper  and  lower  cont/rol^  arms^are  pivoted"  to  the  frame  in  an  approximately 
parallel  posftioTt,    "The  steering  Icrtuckl^  support  is  mounted  betw^n  the  ends 
of  these  triangular  shaped  control  armsf    The  inner  ends  of  the  upper  control 
arm  are  attached  to  the  trame  by      control  arm  shaft  and  bushings,  figure  51. 

'The  inner  ends  of  the  lower  conty'ol  arm  are  pivoted  on  a  shaft  having  bearings 
»  (bushings)  at  each  end  of  the  sh^ft  and ''supported  by  brackets  bolted  to  ^the 

.bottom  of  the  frame  cross*  member? .     Shock-absorbers  used  are  usually  ^Irect^. 
acting,  mounted  inside  of  the  coil  spring,  figure  52 ,  or  on  the  control  arm 
outside  of   the  coil  spring.     Regardless  of  nlountlngs  the  shock  absorbers  must 
be  inspected  for  proper  op^ation  because  they  have  a  lot  to  do  with  good 
steering  and  riding  qualities* 
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The  control  arms  allow  the 
steering  knuckle  andwh^al  to 
move  vettically*  The  lower  control 
arm'  is  longer  thaYi^  the  upper  one 
to\iDaintai^  the  distance  becweea  ' 
the  tires*  where,  they  teAst  ^ncet 
the  roadway  and-  to  pr^ent  side 
mip  frote  unduly  scuffing  and 
wearing  the  tires.     Ball  pivots  ^ 
are  pXfOvided  at.both*ends  of  the 
St effing  knuckle  and. shims  are 
usually  xjsed  on  the'^upper  control 
arni  so  the  inclinatxoh  of  the 
steering^ knuckle  pivot  can  be 
adjusted,  figures  53  and  54. 

♦ 

CoiX  springs  are  mounted 
between  sheet  metal  pups  riveted 
to  the  lower  control  arms  and  cups 
provided  in  Che  frame  front  cross 
sfeaber«  f  igmie  32. 


Caster  Adjustment 


*       Rubber  bumpers  are  mounted 
on  the  outer  end  of  the  front  cross  «  v 

member  or  on  the  control  arms  to  prevent^metal  to  -metal  conCVt  as  the  coil 
spring  compresses  and  rebounds*  figure  dT^  * 


Figure  54.    Adding  or  Removing  Shims. 
Adjustment  Procedures  for  Caster,  Camber'**|id  Toe-In  ^ 

Due  to  the  difference  in  design  of  mo'tor^ji^icles  the  manufacture] 
may  use  a  different  system  for  adjusting,  ;^nt-ln'g  and  maintaining  st< 
system.     Regardless  of  design  the  alignWt  principles  a;re  the  ^me.  For 
example,  some'  motor  vehicles  use  eccentric  (off  center)  bushings  to  adjust 
camber  and  caster,  and  on  some  adjustments  are  made  on  the  lower  control  arm 
and  on  others  the  upper.    The  vehicle  referred  to  in  this  study  guid^  uses 
shims  for  this  adjustment,  located  on  the  upper  control  arm,  figure  &4 . 


Caster  can  be  adjusted  by  removing  shims  at  one  side  of  the  cross  shaft 

and  replacing  shins  at  the  other,  figures  53  and  54»    This  tilts  the  top  of 

Che  steering  knuckle  support  forward  or  backward*  changing  the  caster  angle. 

When  making,  this  caster  adjustment:  it  will  be  necessary  to  loosen  ^the  bolts  . 

•holding  the  shims  ^nd  upper  control  arm  against  the  frame.  After  this 

adjustment  has  been  made  special  care  must  be  taken  to  see  that  these  bolts 
are  tightened  to  correct  specifications. 

Camber  may  be  adjusted  by  using  the  same  procedure  as  explained  for 
adjusting  ''caster."    However  care  must  be  taken  that  the  same  amount  and  size 
of  shims  are  taken  from  both  Shim  packs  or  the' caster  wild  be  changed.  Again 
you  mus(t  make  sure  that  the  bolts  are 'tightened  to  specifications  and  both' 
camber  and  caster  is  .measured  as  a  final' check 

The  adjustment  of  toe^n  is  made  by  turning  the  tie  rods.     ^hese  tie 
rods  have  left-hand  threads  on  one  end  and  right-hand  threads  on  the  other. 
This  causes  the  tie  rod  to.  lengthen  when  turned  one  direction  and  shorten 
when  turned  the  other.    To  adjust  toe-in  you  must  position  the  steering  wheel 
in  the  center  position  and  then  turn  both  tie  rods-  until  the  front  wheels  are 
straight  ahead.     Then  without  disturbing  the- steering  wheel,  it  will  be 
necessary  to  turn  both  tie  rods  an  equal  amount  until  the  toe-in  is  .correct 
and  equal  at  each  wheel. 

Removal  and  Replacement 

Since  each  front  wheel  moves  independently  of  the  other  in  this  system, 
you  will  find  that  the  procedure  for  the  rexaoval  and  replacement  of  the  parts 
are  Afferent  from  those  used  for  removing  and  replacing  the  parts  used  on  a 
rigid  type  ajcle,  •  ^ 

^     Special  tools  are  requiVed  to  remove  and  replace  the  upper  and  lower 
control  arms,  bushings  (bearings)  and  spjrings.     If  there  is  any  problem 
about  tnis  procedure  ask' your  ins  true  tcJr^  what  steps  to  take. 

All  seals  should  be  renewed  at  time  of '  reassembly  since  mud  and  dirt 
getting  into  the*^ moving  pivots  soon  cause  them  to- wear  rapidly  causing  faulty 
steering.  T  .  '  "  , 

Different  maruif acturers  may  use  sl<l|htly  different  designs  of  independent 
suspension  but  a  little  time  spent  st.udying  t+ie  proper  publication  will  guide 
you  through  the  removal  and  replacement  of  these  units; 

QUEST  ICC'.'S'  ^ 

1.  There  are  two  definite  reasons  for  pivot  pin  inclination.     What. are 
these  two  ^•asons?     ^  '  - 

2.  All  wheel  alignment  tests  should  be^juade  with  the  vehicle  in  a 
desire^^sition.     Vhat  is  this 'position?    Why  should  the  vehicle  be  placed 
in  this  rffe»,irion?     ^     r  '  '  , 

3.  When  adjusting  wheel  alignment  factors  the  vehicle  should  be  a 
desired  weight.     What  is  this  desired  weight?    Why  is  this  necessary? 
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*    4.      Bpv  is  '^he  ad;!ustnent  of  camber  and  ca^r  performed  on  the  . 
parallel  ar«  type  of .  independent  wheel  suspension?       ^  « 

5.  ?  .'Shims  a^re  usually  used  between  the  upper  control  arm  and  the 
fratfe.    What  is  the  purpose  for  these' shims?  ,       ^  . 

i  ^  '  >•  •.  ' 

6'.     .Figure  52  shows  two  compression  rubber  bumpers.    What  is  the 
our-ose  for  these  rubber  bumpersi  *•  . 

7.  Toe-in  is  adjusted  by  the  tie  rods.    What  position  should  the. 
steeting  wheel  be  in  when  ad::usting  toe-in?     ,  . 

8.  '/hat  type  of  springs  does  the  independent 'suspension  system  use? 

9.  What  do  we  mean  by  t^e  term  "independent  suspension"  steering 
system? 

10.      What  type  shock  absorbers  are  used  in  this  study  guide,  figure  52? 

U.      Bolts  holding  these  control  arms  should  be  tightened*to  correct 
specifications.    Where  are  these  specifications  found? 

12.  What  could  cause  hard  steering? 

13.  What  could  cause  a  vehicle  to  wander? 

U.  What  ccu.ld  caup^the  vehicle  to  pull  to  one  side  during  normal 
driving?  ^    )  » 

15.  What  may 'cause  fjront  wheel  shimmy  at  low  speeds? 

16.  Caster  can  be  adjusted  by  removing  or  replacing  shims  on  the  upper 
control  arm.'    What  does  /his  do? 


7^7 


17 .       How  would  y 


ou  check  a  shock  absorber  to  deternine  if  it  is  in 


satisfactory  condition. 

18.  How  would  you  increase  or  decrease  caster  on" thxs  independent 
suspension  system? 


19 


Does  front  wheel  bearings  have  anything  to  do  wi^h  wheel  alignment? 


'.v-hv"? 


20.     How  many  tie  rods  are  there  to  adjust  when  making  a  toe-in 
adjustment? 

21.       If\e:amber  measured  correctly  and  pi^ot  pin  measured  wrong,  what 
*     correction  should  be  made? 

REFERENCES  '  V*  1^ 

1.  Bear  Wheel  Alignment Axies^and  Frame  Straightening  Service  Manual. 

2.  W  36A-1-76,  Principles  o£  Automotive  Vehicles . 
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Study  Guides  and  Workbook,s  are  training  publications  authorized  by  Air  Training  Command  ( ATC) 
for  student  use* in  ATTC  courses. 

The  STUDY  GUIDE  iSC)  presents  the  information  you  need  to  complete  the  unit  of  instruction  or 
makes  assignments  for  you  to  read  in  other  publications  which  contain,  the  required  information. 

The  WORKBOOK  (WB)  contains  wcMlc  prr^gedures  designed  to  help  you  achieve  the  learning 
objectives  of  the  unit  of  ins^^uction.  Knowledge  acquired  from  using  tlie  study  guide  will  help  you  perform 
the  missions  or  exercises,  solve  the  problems,  or  answer  questions  presented  in  the  wntkbook. 

The  STUDY  GUIDE  ANiJ  WORKBOOK  <SW)  contains  both  SG  and  WB  material  under  one  cover 
The  two  training  publications  may  be  combined  when  the  WB  is  not  designed  for  you  to  write  in.  or  when 
both  SG  and  WB  are  issued  for  you  to  keep. 

Training  publications  are  designed  for  ATC  use  onlv.  They  are  updated  as  neces*»ary  for  training 
purposes,  but  ,are  NOT  to  be  used  on  the  job  as  authoritative  references  in  preference  to  Technical  Orders 
ir  other  official  publications. 

Note:     Figures  6  through  9,  13  through  18,  20  through  26,  30,  38,  39  and 
40  are  copyrighted  and  are  reprinted  here  by  permission  of  Chevrolet  Motor 

Division* 
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HYDRAULIC  PRINCIPLES  AND  PRINCIPLES  OF 
OPERATION  OF  DRUM  AND  DISC  TYPE  BRAKES 


OBJECTIVES 


After  completing  this  unit  of  instruction,  you  will  be  able  to 
explain  the  principles  of  hydraulics  and  principles  of  operation 
of  drum  and  disc  type  brakcsV 

INTRODUCTION 

The  safety  of  a  modern  automotive  vehicle  and  its  cargo  or  towed 
load  depends  more  often  on  the  proper  operation  of  the  brakes  than 
on  any  other  unit  except  that  of  the  steering  gear.    Not  only  must 
the  brakes  be  able  to  stop  the  vehicle,  they  must  bring  it  to  a 
scop  within  certain  and  very  definite  limits  of  space.    The  brakes 
must  be  able  to  do  this  within  one-eighth  or  one-sixth  of  the  time  5 
it  takes  the  engine  to  develop  the  speed.    Besides  being -efficient , 
the  brakes  must  be  reliable  against  mechanical  failure,  weather  of 
all  types,  dirt,  grit,  and  grease.    They  must  operate  easily  and 
within  a  wide  margin  of  safety.    Brakes  must  be  long- las  ting  and 
tough.    They  must  be  made  so  that  braking  force,  when  applied,  will 
be  uniform. 


INFORMATION 


HYDRAULIC  PRirlCIPLES 


Before  we  discuss  power  steering  and  po«»er  brakes,  it  is  necessary 
to  understand  and  review  the  principles  of  hydraulics. 

Liquids  Cannot  Be  Compressed 

This  rule  simply  says  that  applying  pressure  to  liquids  will 
not  reduce  the  volume  of  the  liquid. 

*  -/ 

Motion  Can  Be  Transmitted  By  Liquids 

Figure  1  shows  two  pistons  in  a  cylinder,  with  a  liquid  separating 
them.     If  piston  A  is  moved  to  the  right,  piston  B  will  be  moved  to 
the  right  the  same  distance.    This  is  due  to  the  rule  stated  in  the 
preceding  paragraph.     Two  cylinders  of  the  same  diameter  are  connected 
by  a  tube,  as  shown  in  figure  2,  and  one  piston  is  in  each  cylinder. 
If  the  space  between  the  two  pistons  is  completely  filled  with 
liquid,  then  a  oovejnent  of  piston  A  to  the  right  will  cause  corres- 
ponding movefflent  of  piston  B  to  the  right,  with  the  liquid  flowing 
through  the  tube. 

Pressure  in  a  closed  system,  in  pounds  per  square  inch  (PSI) , 
is  the  appling  force  divided  by  the  area  of  the  applying  piston. 
In  figure  3,  a  100-pound  force  on  a  piston  of  one  square  inch  will 
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Figure  2.    Liquids  Cannot  be 
Compressed. 
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Figure  2.  Preaeure^Forae-Area. 

produce  a  pressure  In  the  liquid  of  100  psi.     If  the  same  force 
(100  pounds)  Is  applied  to  a  piston  of  two  square  Inches  in  area, 
the  resulting  hydraulic  pressure  will  be  50  psi.    The  formula  for 
this  relationship  is 

^     F  .  ,  ,    .      Force  in  pounds 

P  «  r-  or  pressure  in  pounds  per  square  inch  ■  t  :  ^ —  *  ^.  ^ 

A       *^  f  K       n  Area  in  sciuare  inches 

A  liquid  under  pressure  transmits  pressure  equally  in  all  direc- 
tions* A  pressure  gauge  placed  anywhere  in  a  closed  hydraulic  system 
will  read  the  same  at  any  point,  as  shown  in  figure  A. 
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Figure  4.    Equal  Pressure 
Through  System, 
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Force  Output, 


Force  developed  on  an  output  piston  is  the  pressure  in  the 
system  times  the  awa  of  the  output*  piston .     Figure  5  shows  a  100-pound 
force  on  1  square  inch  piston  developing  100  psi  in  a  closed  system. 
On  piston  A  1/2  sqvare  inch,  a  force  of  50  pounds,  will  be  developed. 
On  piston  B  of  1  Stiuare  inch  area,  100  pounds  force  will  be  developed. 
On  piston  C  of  2  square  inches,  200  pounds  force  will  be  developed. 

The  above  rutes  for  hydraulic  circuits  govern  the  properties  of  ' 
oil  under  pressur»j.     In  order  for  power  steerinjg  and  power  brakes  to 
operate,  several  basic  items  are  required.    These  items  will  be  covered 
in  principles  of  operation  of  drum  and  disc  type  brakes. 

PRINCIPLES  OF  OPERATION  OF  DRUM  AND  DISC  TYPE  BRAKES 

Now  that  w^  have  reviewed  and  understand  the  principles  of 
hydraulics,  let>s  look  at  the  operations  of  the  drum  and  disc  type 
brake  systems. 

When  the  brakes  are  ful^y  released,  the  master  cylinder  piston 
is  held  against  the  retaining  ring;  and  the  primary  cups  are  held  just 
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el»r  of  tha  compMMttni  potts  by  the  iii»»t«t  cylinder  springs.  Tht 
™Mr.  chLS^""  flllid  "Ith  fXuli  .t  .t«>.ph.rlc  pr..sur.  du. 

t^t"  optr^p'n..tlng  port,  and  th.  f Uribl.  reservoir  dlspH"... 

«h.n  th.  bfk.  p.d.l  I.  d.pr,s..d  to  sppl/  th.  brsk-^'th.  Pj-h 
rod  fore.  th.  BMt.r  cylind.r  piston  and  prlMty  cups  ** 
ITi,  mov.i»nt  st.rt..  th.  lip.  of  th.  pri«.ry  cup. 
ang  ports  to  pt.v.nt  ..c.p.  of  fluid  into  th.  "«"»^"- 
^vLint  ot  the  piston  build.  prM.ure  In  th.  P""""  '"f  "u?Swr. 
nuU  1.  th.n  foicd  through  th.  lin.s  Lading  to 
Fluid  for=.d  into  th.  wh..l  cylinder.  b.tw..n  th.  cup.  .nd  Pi««» 
cause  th.  piston,  and  connecting  links  t.,  move  outward  and  fore.  th. 
brak.  sho..  into  contact  with  the  drum. 

On  due  type  brakes  of  the  single  piston  Mchanlsm.  hydraulic 
pressure  acts  on  two  surfaces. 

Th.  first,  and  Mst  obvious,  is  the  piston.    The  second  is  in  the 
opposite  dirHuon  against  th.  botto.  of  th.  bore  of  the  c.lip.r 
hoLilng.    Since  th.  at.a  of  the  piston  and  bottom  of  th.  caliper 
bore  are  equal,  equal  forces  are  developed. 

Hydraulic  force  in  th.  caliper  bore  is  exerted  'jf  ^^'^.^i 
plston^which  i.  transmitted  t„  the  Inner  brake  "  i"^^?,^/* 

and  the  Inner  surface  of  the  disc,    mis  c«no.       k  _„!..,• 
assestly  Inboard,  sliding  on  the  tour-  rubber  ^'-''ing--  Th* 
lining.  Which  rests  on  the  caliper  housing,  then  •PP""*  *  the 
the  o^fr  surfac.  of  the  disc  and  together  '^a  "^^J 

<;ince  an  equal  hydraulic  force  Is  appliod  both  to  the  caliper 
;;::slng'ard  th.  fore,  created  .gainst  the  o-«  '-^ 

be  equal. 

NOW  that  we  understand  the  operation  of  the  dtum         f  »^  f 
brake^atem,  let's  take  a  look  at  the  different  components  that  make 
up  the  brake  systems. 
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Figure  6,    Bear-  Line  Failure. 
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Figure  7.    Front  Line  Failure. 


Master  Cylinder 


The  masCftr  cylinder  is 'pedal  operated  and  applies  the  .brakes 
at  all  four  wheels  v*tth  equalized  pressure,    Th».  master  cylinder, 
connecting  lines,  and  wheel  cylinders,  are  filled  with  special 
hydraulic  fluid  which  is  forced  through  the  system  by  the  movement 
of  the  master  cylinder  piston.    The  master • cylinders  used  today  have 
split  reservoirs.    This  means  that  the  front  and  rear  brakes  are 
separated  froo  each  other  by  the  design  of  the  master  cylinder. 
Refer  to,  figures  6  and  7. 

The  master  cylinder  contains  two  fluid  reservoirs  and  .two 
cylindrical  pressure  chtimbers  in  which  force,  applied  to  the  brake 
pedal,  is  transmittfcd  to  the  fluid  which  actuates  the  brake  shoes 
or  brake  disc.    Breather  ports  and  compensating  po'rt^  permit  passage 
of  fluid  between  each  pressure  chamber  and  its  fluid  reservoir 
during  certain  operating  conditions.  ,A  vent  cover  atid  flexible 
rubber  diaphragm,  at  the  top  of  the  master  cylinder  reservoir,  seals 
the  hydraulic  system  from  possible  entrance  of  contamination,  while 
at  the  same  time  permitting  expansioli  or  contraction  of  fluid  within 
the  reservoirs  without  direct  ventipg. 

In  the  pressure  chambers,  coil 'springs  hold  rubber  primary, 
cups  against'  the  end  of  the  piston.    These  cups ,  and  rubber  secondary 
seals  on  the  opposite  end  of  the  piston,  prevent  escape  ot  fluid  past 
the  pistons.    The  piston  is  retained  in  the  cylinder  by  a  stop  pl%ce. 
A  rubber  boot  is  installed  over  this  end  of  the  cylinder  to  prevent 
foreign  matter  getting  into  the  system.    Refer  to  figure  8. 

Stroking  or  pushing  the  brake  pedal  causes  the  primary  piston*  ^n 
the  main  cylinder  to  move  forward.    At  the  same  tiine  a  combination  o;, 
hydraulic  pressure  and  force  of  the.  primary  piston  spring  moves  the 
secondary  pieton  forward.    When  the  pistons  have'moved  forward  so 
that  their  primary  cups  cover  the  compensating  holes,  hydraulic 
pressure  is  built  up  and  transmitted  to  the  wheels. 
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Fiofure  3.    Master  Cylinder^ 

When  the  *brgke  pedal  Is  released  che^«iaster  cylinder  pistons 
move  rearward  and  hydraulic  pressure  on  the  system  is  released. 

Wheel  Cylinder 

Each  wheel  cylinder,  as  shown  in  figure*  9,  contains  two  pistons 
Aid  two  rubber  cups  whiQh  are  held  ia  contact  with  the  piston  by  a 
central  coll  spring  (sometimes' with  cup  expianders  to  provide  «  fluid- 
tight  seal).*  The  wheel  .cylinder  cups  are  of .a  special  heat  resisting 
rubber.    Cups  of^  this  material  oust  hav^  an  expander  to  hold  the  lips 
of  the  cup  out  against  the.  wheel  cylinder  bore.    These  cup  expanders 
are  crimped  on  each  end       the  wheel  cylinder  spring,    llie  inlet 
port  for  brake  fluid  is  located  between  the  pistons  so  that  when  fluid 
pressure  ia  applied »  broth  pistons  move  outward  toward  the  ends  of 
^wheel  cylinder.    The  piston  imparts  movement  to  t^e  brake  sho^s  by 
i^ans  of  connecting  links  which  seat  in  the  piston  and  bear  against 
thexshoes.    Rubber  boots  enclose  both^ ends/of  the* cylinder. to  prevent 
forei'gn  matter  from  getting  into  the  cystem.  .  A  /alye  for  bleeding 
the  brake  lines  and  wheel  cylinder  is  located  above  the  inlet  port. 

Disc-Rotor  Assembly 

The  purpose  ef  the  disc  is  to  provide  the  frictiqnal-^  surfaces 
required  to  stop  the  vehicle*    The  cast  iron  dis^  is  of  the  ventilated 
rotor* type  incorporating  fins  and  is  attached  to  and  rotates  with' 
the*  wheel  hub.     A  splash  shield  bolted  tb  the  spindle  is  used  ^ 


SOOT 

/  MSTON 

/WSTOK  cur 


wmccl  cyunoer 

HOUSING 


WSTON  CUP 


/  WSTON 

5  / 


»OOT 


»UED»  SCREW 


, ,.    Figure  9 .    Typica I  .Wheel  Cy H nder , 

primarily  to  prevent  road  contaminants  from  contacting  the  inboard 
rotor  and  lining  surfaces.    The  wh«el  provides  protection  for  the 
outboard  surf ace- of  the  rotor. 

Caliper-Fixed  and  Floating 

The  caliper  provides  a  means  of  applying  the  shoe  and  lining 
assemblies  to  the  disc.     It  is  connected  to  the  system  by  a  hydraulic 
line.     It  i»  mounted  to  the  support  plate  by  two  housing  retainer 
bolts,  two  sleeves  and  four  rubber  bushings.    An  inner  caliper 
rubber  bushing  is  installed  between  each  sleeve  and  groove  in  the 
housing,  and  an  outer  caliper  rubber  bushing  is  installed  between 
each  bolt  and  groove  in  the  housing.     Shoe  and  lining  assemblies  . 
are  positioned  on  the  caliper  so  they  straddle  the  disc. 

The  fixed  caliper  disc  brake  is  called  "fixed"  caliper  type 
because  the^cOmplete  caliper  assembly  is  rigidly  bolted  to  the  steering 
wheel  spindle.     The  caliper  assembly  consists  of  two  caliper  halves 
bolted  together.    Each  half  has  a  pair  of  pistons.     Internal  passages 
in  the  caliper  housing  and  an  external  transfer  tube  between  the  two 
caliper  halves  hydraulically  connect  the  cylinders.     Each  caliper 
assembly  has  one  bleeder  screw  and  fluid  inlet  fitting.     Refer  to 
figure  10. 

Shoes  and  lining  assemblies  are  located  betwee^  parallel 
machined  abutments  within  the  caliper.    Tabs  dn  the  outer  ends  of  the 
shoe  assemblies  radially  support  the  shoes.    The  shoes  slide  axiaiiy 
in  the  caliper  abutments  by  means  of  the  tabs,  which  ride  on 
machined  ledges  (bridges)  when  hydraulic  pressure  is  applied  to 
the  pistons.    The  shoes  thus  squeeze  against  the  rotor  to  stop  the 
wheel.    Clips  attached  to  the  top  'of  the  caliper  retain  the  shoe 
and  lining  assemblies.    The  lining  is  either  r^iveted  or  bonded  to  a 
metal  plate  (shoe).     It  is  replaced  as  a  unit. 
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Fijiire  10.    Fixed  Caliper, 
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Figure  12,    Floating  Caliper, 

The  "floating"  caliper  disc  brake,  figure  11,  functiona^much 
differently  than  the  fixed  type.    T^e  floating  caliper  conai.ta  of 
a  one-piece  housing,  not  a  two-piece  asaeiably.    It  i« 
the  wheel  spindle  but  is  free  to  move  inboard  and  outboard  (float) 
parallel  to  the  spindle  axle,  as  the  brakes  are  applied  and  released. 
Only  one  piston  Is  used  instead  of  four.  . 

The  one-piece  caliper  housing  slides  in  and  out  a  fraction  of  an 
inch  on  two  caliper  locating  pins  that  screw  into  ears  on  the  cUiper 
'  housina    and  pass  through  insulators  fitted  Into  holes  in  the  anchor 
'pirte?'*The  aLhor  platfbolts  to^the  wheel  spindly    ^.^:?iii!rr:  Tre" 
the  caliper's  position  in  relation  to  the  rotor.    The  stabilizers  are 
fastened  Jo  thS  caliper  by  the  caliper  locating  pins  and  to  the  anchor 
plate  by  two  cap  scrws. 

The  single  piston  fits  into  a  bore  in  the  inner  portion  of  the 
caliper.    The  inner  brake  shoe  and  lining  ^sently  fits  against  the 
/  piston  and  has  ears  on  the  outer  ends  that  rest  on  the  *"<^J°^  Pj*^* 
bosses.    Two  hold-down  clips,  bolted  to  the  anchor  plate,  hold  the 
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shoe  In  positioo^NTh*  out«r  shoe  and  lining,- which' Is  longer,  attaches 
to. the  outer  leg|  of  the  caliper. 

The  floating  caliper  brake  works  like  a  "a'*  clamp.    When  the 
brakes  are  applies,  hydraulic  pressure  forces  the  piston  outward, 
aoviag  the  inboard  shoe  and  lining  into  contact  with  the  rotor. 
No  appreciable  braking  effect  occurs,  however,  until  more  hydraulic 
fluid  enters  behind  tne  piston.     It  does  not  exert  greater  pressure 
force  on  the  piston,  but  because  the  caliper  can  "float,"  the  additional 
hydraulic  pressure  develops  a  reaction  force  that  moves  the  caliper 
inward,  forcing  the  outboard  shoe  and  lining  against  the  rotor.  Addi- 
tional hydraulic  pressure  forces  both  linings  to  grip  the  rotor  in  a 
"sandwiching"  action  to  stop  the  wheel. 
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Fijure  12.     Pressure  Difj^rential  Valve  and  Bra^^ 

BRAKE  SYSTEM  SAFETY  DEVICES 

Today's  hydraulic  brake  systems  have  several  safety  devices  bull: 
into  the  system  that  warn  the  operator  of  brake  failure  and  -ssist^ 
in  a  balanced  braking  action.    The  following  paragraphs  wil.  orierxy 
explain  the  function  of  these  safety  devices. 

Pressure  Differential  Valve 

^  "        The  pressure  differential  valve  also  called  a  failure  warning 
iswitch,  is  activated  if  either  front        rear  braxe  system  tails  anc 

,Vhen  activated,  completes  a  circuit  to  the  dash  warning  lamp.  Ir^ 
the  rear  hydraulic  system  fails,  the  pressure  or  the  good  front 
system  forces  the  switch  position  to  the  right.    The  Switch  pin  is 
forced  up  into  the  switch  by  the  piston  ramp,  figure  12,  and  makes 
the  electrical  circuit  lighting  the  dash  lamp  and  is  >eld  in  this 

^  position  by  the  piston. 
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Figicte  12.    Ihrmal  Brake  Stop, 


FROM  MASTER  cVlINOCR  REAR  OUTLET 


TO  REAR  BRAKES 
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•  Figure  24,    Proportioning  Ai^tion. 

Proportioning  Valve  -  (Disc  Brake  Only) 

.  The  proportioning  valve  improves  front  to  rear  brake  balance 
at  high  deceleration.    During  high  deceleration  stops,  a  percentage 
of  the  rear  weight  to  the  rear  wheel  contributes  to  eArly  rear  wheel  ' 
skid.    The  proportion  valve  reduces  the  rear  brake  pressure  and 
Relays  the  rear  wheel  skid. 

The  proportion  valve  does  not  operate  »^durlng  normal  brake  stops 
(below  10  ft  deceleration) .  .  Fluid  normally  flows  into  the  pro- 
port  loner,  through  the  space  between  the  piston  center  hole  and 
valve  stem,  through  the  stop  plate  and  out  to  the  rear  brakes.  The 
spring  loads  the  piston  so  that  it  rests  against  the  stop  plate. for 
nonaal  brake  pressures.    Fressure  developed  within  the  valve  pushes 
against  the  large  end  of  the  piston  and  when  sufficient  to  overcome  the 
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sprlngloadt  K>ve«  th«  pistdh  to  the  laft,    The^lston  "contacts"  the  ^2^^ 
spherical  stem  seat  and  starts  proportioning  by  restricting  pressure 
through  the  valve;    See  figures  13"  and  14.  ^ 
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Figure  IS.     S^^kes  .V^t  Applied. 


\       Metering  Valve  -  (Disc  Brakes  Only) 


'The  metering  valve  holds  off  front  disc  braking  until  the  shoes 
of  the  rear  drum  brake  contacts  the  drum* 

When  brakes  are  not  applied,  the  metering  valve  allows  free  flow 
of  brake  fluid  through  the  valve.     This  allows  the  fluid  to-expand 
and  contract  vith  temperature  changes. 


4  TO  30  P.S.I. 


)aetering  valve  stem 


CONTACTS  SMOOTH  END 
OF  PtN  PRODUCING  *  SHUT  OFF 


Figure  16.    Shut-Off  Point. 


• 


When  the  Shut-Of f-PoinC  (initial  brake  application)  occurs,  the 
metering  valye  stem  moves  tc^  the  left,  and  at  4  to  30  psi  the  smooth 
end  of  the  stein  is  in  a  sealing  position  with  the  metering  valve  seal 
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Figure  17.    Hold-Off  Blend  Prek^^ure, 

lip  and  thia  ii  the  ahutoff  point.    .The  metering  valve  ^^f 
to  the  lef ^  on  initial  brake  application  and  stops  on  ^^^^^^ 
Ltal  retainer.    The  »e ter in ^  valve  spring  holds  the  retainer,  ag.ln.t 
the  seal  until  a  predetermined  psi  is  produced  at  the  inlet  of  the 
vatve!    This  pressure  oWcome^  the  spring  and  allows  P-""" 
the  valve  to  the  front  biSkeaZ    The  cqjitirtued  Increase  P^"»^« 
into  the  valve  meters  through  the  metering  valve  ^^^^ » 
the  front  brakes,  and  prodUces  ^  increasing  force^on  t^ff  diaphragm. 
The  diaphragm  pulls  the  pin  and  the  pin  in  turn  pulls  the 
thus  reducing  the  sprig  load  on'the  metering  valve  seal.  Eventually. 
thrpr:ssur"e%:ache:  S^ypical  range  af  A40  to  750         -  /^^///.^^^^ 
is  completely  pulled  aLy  by  the  diaphragm  pin  and  ^^^al^ner,  leaving 
the  metering  valve  seaTfree  to  pass  unrestricted  pressure  through 
the  valve.  "  ' 
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12 


Combination  Valve 


This  valv€,  figure  18,  is  a  combination  valve  consisting  of 
a  prpportioning  valve ♦  metering  valve,  and  pressure  differencial 
valve . 


Figui'B  19...   Funation  of  ?'i<jton  Seal. 
Caliper  Piston  Seal 

Figure  19  shows  a  caliper  piston  seal  which  performs  the  &exf- 
adjusting  action  on  disc  brakes,  instead  of  a  mechanical  set-up  as 
used  in  drum  brakes*    During  brake  application,  the  caliper  piston 
seal  distorts  as  hydraulic  pressure,  pushes  the  piston  out  for  the 
distance  required  to  press  the  brake  shoes  against  the  rotor.  Removing. 
Che  foot  from  the  brake  produces  pressure  and  the  seal  returns  to  a 
relaxed  position.    As  the  seal  relaxes,  or  rolls  back,  it  moves  the 
piston  inward  in  the  caliper  housing  bore.     As  the  piston  moves 
inward,  the  stabilizers  position  the  caliper  housing  and  outer  brake 
shoe  lining  assembly  on  the  rotor,  to  automatically  maintain  the 
correct  clearance.    This  retracting  action,  however,  Is  always 
limited  by  rotor  runout  and  amount  of  seal  rollback,  or  relaxatioii, 
that  in  turn  causes  Che  piston  to  ,travel  back. 

QUESTIONS 

1.  Explain  the  basic  principles  of  hydraulics. 

2,  How  is  motion  or  force  transmitted  by  liquids? 

3.  .  Explain  the  difference  between  the  "fixed  caliper'*  and 
"floating  caliper**  assembly* 

4,  What  is  the  purpose  of  the  pressure  differential  valve? 
How  does  the  proportioning  valve  prevent  rear  wheel  skid? 
Explain  the  function  of  the  metering  valve. 


13 


5. 
6* 


General  Vehicle  Maintenance  branch  3A2R47350-A-SG-103 
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SERVICING  OF  HYDRAULIC  BRAKE  SYSTEMS 

OBJECTIVES 

Upon  completion  of  this  unit  of  instruction,  you  will  be  able 
to:     (1)  inspect,  locate,  and  identify  malfunctioning  components 
in* the  hydraulic  brake  system.  (2)  make  necessary  adjustments  to 
components  in  the  hydraulic  brake  system,  and  (3)  bleed  the  hydraulic 
brake  system. 

INTRODUCTION 

In  birake  operation  various  difficulties  may  arise  that  require 
inspection ^nd  correction  to  keep  them  in  good  operating  condition. 
Although  the  difficulties  vary  somewhat  according  to  type  of 
system  (drum  or  disc  brakes),  servicing  procedures  are  similar. 

INFORMATION 

Brake  systems  require  periodic  inspection,  adjustments  and 
occaaional  parts  replacement.     This  is  your  responsibility.  Th3 
reading  material  presented  in  the  following  paragraphs  pertain  to 
inspection  and  servicing  of  the  brake  system. 

PRELIMINARY  INSPECTION 

Before  you  adjust  or  repair  any  part  of  the  hydrauJ^ic  brake 
system  you  must  first  inspect  the  system  for  leaks  or  malfunctions. 
This  is  called  a  preliminary  inspection  and  consists  of  the  following 
checks : 

1       Check  the  fluid  level  of  the  reservoirs  in  the  master 
cylinder.     If  the  fluid  level  is  below  specifications,  more  fluid  shoui 
be  added.  * 

2.  If,  during  checking  of  the  master  cylinder  you  found  it  lower 
than  normal,  it  is  a  good  indication  of  a  leak  in  the  system.  Chock 
for  leaks  at  the  master  cylinder,  lines  and  hoses,  satety  devices. 

and  wheel  cylinders  or  calipers.    When  checking  for  leaks  on  a  power 
hydraulic  brake  syste',  you  must  also  check  the  booster  tor  leaKS. 

3.  Check  the  fluid  for  contamination.     There  should  not  be  any 
traccs'of  rust  or  sludge.     If  there  is  cause  to  believe  incorrect 
fluid  may  have  been  added  to  .the  system,  a  check  for  mineral  oil 
contents  must  be  made.  ^  \ 

GGNOITIONS  THATr AFFfCT  BRAKING  '  • 

In  addition  to  previous  menlftonetf^inspectUcns  the  following 
conditions  may  affect  brakjf  perfonjiance  and  should  be  correc^eci  ^ 
before  work  is  done  on  the  brake  meahanism. 


1.  Ttre»  having  unequal  contact  and  grip  on  th«  road  could 
causa  unequal  braking.    Tiras  should  b«  aqually  inflatad  and  craad 

pattern  of  right  and  left  tires  should  be  approximately  equal. 

2.  When  the  car  haa  unequal  loading,  the  moat  heavily  loaded 
wheel  requires  more  braking  power  than  others. 

•  3.      A  very  loose  front  wheel  bearing  could,  on  a  drum  brake 
vehicle,  permit  the  drum  to  tilt  and  have  spotty  contact  with  brake 
shoe  linings. 

4.      Faulty  shock  absorbers  that  permit  bouncing  of  the  car  on 
quick  shops  may  give  the  erroneous  impression  that  brakes  are  too 
severe. 

READING  ASSIGNMENT 

In  the  manual  provided  by  your  instructor,  locate  and  read 
portions  dealing  with  inspection,  adjustment,  and  bleeding  procedures 
of  the  hydraulic  brake  system  components. 
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PRINCIPLES  OF  OPERATION  OF  VACUUM  BOOSTER  BRAKE  SYSTEMS, 
TROUBLESHOOTING  AND  SERVICING  BOOSTERS 

OBJECTIVES 

Aftar  complatlng  this  unit  of  inatructlon,  you  will  be  able 
to  explain  tha  location,  construction,  and  operating  principles  o 
th«  vacuum  booster,  and  to  troublashoot  and  service  the  booster 
using  applicable  publications  and  safety  procedures. 

INTRODUCTION  '% 

^  The  vacuum  booster  is  uAed  with  the  lirake  system  to  reduce 
th«  braking  effort  required  by  the  driver.    The  unit  is  used  In 
conjunction  jlith.a  conventional  brake  system  master  cylinder.    The  . 
vacuum  booster  utilizes  engine  manifold  vacuum  and  atmospheric  ^ 
pressure,  to  provide  power  assisted  application  of  vehicle  brakes. 

INFORMATION 

In  order  to  understand  the  principle  of.  how  the  vacuum  booster 
system  operates,  it  is  necessary  to  know  what  a  vacuum  Is  ami  how 
It  can  be  used. 

For  practical  purposes ,  a  vacuum  may  be  defined  as  a  space  from 
which  air  or  gas  has  been  partly  exhausted.    Air,  like  all  matter,  ' 
has  weight.    Since  air  extends  upward  from  sea  level  for  several 
hundr«d  miles,  the  weight  of  the  air  exerts  a  pressure  termed 
"atmospheric  pressure"  at  sea  level  of  14.7  psl.     This  pressure  is 
equally  distributed  In  all  directions  upon  all  objects  of  the 
earth's  surface. 

Atmospheric  pressure  may  be  used  to  operate  brakes  by  creation 
of  a  vacuum.     Since  a  vacuum  Is  created  by  removing  air,  the  pressure 
within  a  vacuum  Is  less  than  that  of  the  atmosphere.     A  perfect^ vacuum 
from  which  all  matter  has  been  removed  has  no  pressure  whatsoever. 
A  perfect  vacuum  is  not  obtainable,  although  it  can  be  closely 
approached.  'Hence,  the  full  force  of  14.7  psi  atmospheric  pressure 
cannot  be  utilized.     If  air  i;^  a  container  has  3een  jumped  out  , or 
evacuated  until  only  5  psi  remains,  the  10  psi  differential  existing 
between  "vacuum  pressure"  and  "atmospheric  pressure"  way  be  used  co 
perform  work.    The  pumping  action  of  the  engine  piston  causes  a 
partial  vacuum  to  be  created  In  the  Intake  manifold  of  an  internal 
confcostion  engine.    When  the  engine  Is  coasting  in  high  gear,  wich  the 
carburetor  throttle  fully  closed,  very  little  air  is  admitted  into 
the  intake  manifold  so  that  the  pumping  actions  of  the  piston  reduces 
the  preseure  so  that  only  about  5  psl  exists  in  the  manifold. 


if 
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'  Figura  ?0 .     Typical  PcnJar  Unit  -  Released. 
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PRINCIPLES  OF  OPERATION  OF  VACUUM  BOOSTEfe  BR^KE  SYSTEMS. 
TROUBLESHOOTING  AND  SERVICING  BOOSTERS 

OBJECTIVES  '  '       •  , 

After  cooplsting  this  unit  of  instruction,  you  will  be  able 
to*  explain  the  location,  construction,  and  operatinjp  principles  j 
the  vecuua  booster,  and  to  tyoubleshoot  and  service  the  booster 
using  applicable  publications  and  safety  procedures. 

INTRODUCTION  ' 

The  vacuum  booster  is  used  with  the  hrake  system  to  reduce 
the  braking  effort  required  by  the  driver.    The  unit  is  used  in 
conjunction  with  a  conventional  brake  system  master  cylinder.  The 
vacuum  booster  utilizes  engine  manifold  vacuum  and  atmospheric 
pressure,  to  provide  power  assisted  application  of  vehicle  brakes. 

INFORMATION  / 

In  order  to  understand  the  principle  of.  how  the ^^cuum  booster 
system  operates,  it  is  necessary  to  know  what  a  vaci/um  is  and  how 
it  can  be  used. 

For  practical  purposes,  a  vacuum  may  be  defined  as  a  space  from 
which  air  or  gas  has  been  partly  exhausted.    Air,  like  ail  matter, 
has  weight.    Since  air  extends  upward  from  sea  level  for  several 
hundred  miles,  the  weight  of  the  air  exerts  a  pressure  termed 
"atmoepheric  pressure"  at  sea  level  of  14.7  psi.    This  pressure  is 
equally  distributed  in  all  directions  upon  all  objects  of  the 
earth's  surface. 

Atmospheric  pressure  may  be  used  to  operate  brakes  by  creation 
of  a  vacuum.     Since  a  vacuum  is  created  by  renoving  air,  che  pressure 
within  a  vacuum  is  less  than  that  of  the  atmosphere.     A  perfect  vacuura 
from  which  all  mattar  has  been  removed  has  no  pressure  whatsoever. 
A  perfect  .vacuum  is  not  obtainable,  although  it  can  be  closely 
approached.    Hence,  the  full  force  of  14.7  psi  atmospheric  pressure, 
cannot  be  utilized.     If  air  in  a  container  has  been  pumped  out  or 
evacuated  until  only  5  psi  remains,  the  10  psi  differential  existing  ^ 
between  "vacuum  pressure"  and  "atmospheric  pressure"  may  be  usdd  to 
perform  work.    The  pumping  action  of  the  engine  piston  causes  a 
partial  vacuum  to  be  created  in  the  intake  manifold  of  an  internal 
coiAuBtion  engine.    When  the  engine  is  coasting  in  high  gear,  with  the 
carburetor  t^irottle  fully  closed,  very  little  air  Is  admitted  into 
the  intake  manifold  so  that  the  pumping  actions  of  the  piston  reduces 
the  pressure  so  that  only  about  5  psi  exists  in  the  manifold. 
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putt  U  h«ld  agalnit  th«.  r«actlon  r«t*in«r.    Th«        valv«  spring  hoWs 
tht  r«action  Uv«ri  «i«in«t  the  hydraulic  4f action  place  and  also  holds 
tha  air  valva  againit  Its  atop* in  tha  cube  of  che  power  piston.  The- 
floating  control  valva  'aaaenbly  Is  hald  agaitist  che  air  valve  seat  ■ 
by  tha  lljiating  control  vai/Va  apring.    With  the  power, brake  at 
rttlMMd  position  th#  primary  aoAls  on  bo€h  tihc  tear  piston  and  tm 
floating  piatomare  bAck  j?aac  the  two  compensating  port*  in  che  We. 

Aa'tha  padal  is  dspresaad,  figures  22>and  23»  the  yalve  operating 
rod  (push  rod)  carries  the  air  valve  away  from  the  floacinj  control 
valva.    The  floating  control  valva  will  follow  until  it  is  in  conta'  r 
with  the  raised  seat  inlthe  power  platon  insert.    When  this  occurs, 
vacuum  la  shut  rff  to  Ae  tear  of  the  power  piston*  and  air  under 
ataospK'eric  pressure  rushes  through  the  air  filt^  and  travels  past  the 
seat  of  the  air  valve  and  through  a  passage  into  the  hauling  at  che 
rear  of  the  power  piston.'    Since  there  is  still  a  vacuu-ii  on  the  front 
side  of  the  poyer  piston,  the  aaoospheric  aijj- pressure  at  the  rear  of 
the  piston  will  force  the  power  piston  to  travel  forward. 

As  the  power  platon  travels  forward,  the* hydraulic  push  rod 
carries  the  master  cylinder  piston  further  into  the  bore  of  the 
master  cylinder.    The  pressure  on  the  master  cylinder  piston  spring 
•forces  the  floating  piston  to  move  forward.    As  the  primary  seal  on 
both  the  rear  master  cylinder  piston  and  the  floating  piston  pass  the 
compensating  ports  in  the  bore,  hydraulic  pressure  will  build. up  iti 
the  lines  to  the  front  brakes  and  the  lines  to  the'  rear  brakes.  As 
the  presaure  builds  up  on  the  end  of  the  master  cylinder  piston,  the 
hydraulic  reaction  plate  is  iaoved  off  its  seat  on  the  power  pist9n  and 
presses  against  the  reaction  levers.    The 'levers,  in  turn.  sWirtg  about 
their  pivots  and  bear  against  the  end  of  the  air  valve  operating  rod 
asscnbly.    In  this  manner  approximately  30%  of  the  load  on  the 
hydraulic  master  cylinder  pistor>  is  transferred  back  through  the 
reaction  system  to  the  brake  pedal.    This  gives  the  operator  a  feel, 
which  is  proportional  to  the  degree  of  brake  application. 

When,  the  desired  pedal  pressure  is  reache'd,  figures  24  and  25, 
the  power  piston  moves  forward  until  the  floating  control  valve »  which 
is  still  seated  on  the  power  piston,  again  seats  on  che  air  valve. 
The  power  piston  will  now  remain  stationary  until  either  pressure;  ib^ 
applied  or  released  at  the  brake  pedal.     As  the  pressure  of  the  pedal 
is  released,  the  air  valve  spring  forces  the  air  valve  back  to  its 
stop  on  the  power  piston.    As  it  returns,  the  air  valve  pushes  the 
floating  control  valve  off  its  seat  on  the  power  piston  insert.  The 
air  valve  seating  on  the  floating  control  valve  has'^shut  off  the 
outside  air  source.    When  it  lifts  the  floating  control  valve  from 
its  seat  on  the  power  piston  insert,  it  opens  the  space  at  che  rear 
of  the  power  piston  to  the  vacuum  source. 

Since  both  sides  of  the  power  piston  aje  now  under  vacuum, 
the  power  piston  return  spring  will  return  the  piston  to  its  released 
position  against  the  rear  housing.    Aa  the  power  piston  is  returned, 
the  hydraulic  master  cylinder  piston  and  floating  piston  move  back 
and  the  fluid  from  the  wheel  cylinder  flows  back  into  the  master 
cylinder.    If  the  brake  pedal  is  released  quickly,  the  master  cylinaer 
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Figure  22.    Typical  Pouev  Unit  -  Applying. 
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Figure  24.    Typical  Pouer  Unit  -  Holding. 
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piston  and  floating  piston  Immediately  return  ta  the  released  position, 
lif  the  fluid  in  the  lines  cannot  return  as  quickly  as  the  pistons> 
thls^is  compensated  for  by  the  flow  of  fluid  from  the  space  between 
the  primary  cups  and  the  secondary  seals  through  the  coispensatlng 
*  holes  in  the  pistons*    The  excess  fluid  in  the  system  can  flow  back 
to  the  fluid  reservoirs  through  the  small  compi  nsating  posts  in  the 
master  cylinder  bore. 

In  casef  of  vacuum  failure,  the  brake  unit  operates  in  the  following 
manner: 

As  the  pedal  is  pushed  down,  the  pnd  of  the  air  valve  contacts 
the  reaction  levers  and  pushes,  in  tuipi,  against  the  hydraulic  reaction 
plate.    Since  the  hydraulic  reaction  plate  is  fastened  to  the  master 
cylinder  push  rod,  it  forces  the  push  rod  against  the  master  cylinder 
piston,  Which  builds  up  the  hydt^aulic  linp  pressure.    With  this 
condition  you  have,  in  effect,  a  standard  brake  unit. 

TROUBLESHOOTING  POWER  BRAKES 

1.  With  transmission  in  park*  stop  the  engine,  and  exhaust  all 
vacuum  in  the  system  by  depressing  the  pedal  several  times. 

2.  Depress  the  brake  pedal  and  hold  it  in  the  applied  position 
for  one  minute  with  approximately  20  lbs  pedal  force.     If  the.  pedal 
gradually  falls  away  or  the  brake  warning  light  comes  on,  it  is  an 
indication  that  the  hydraulic  system  is  leaking  or  that  there  is  a  mal- 
function in  the  master  cylinder. 

3.  If  the  brake  pedal  feels  spongy,  it  is  an  indication  of  air 
in  the  hydraulic  system.    Bleed  the  air  from  the  system  and  recheck 
the  pedal  feel.  \  .  . 

4.  Depress  the  brake  pedal  and  start  the  engine.     If  the  vacuum 
system  Is  operating  th^  brake  pedal  will  tend  to  fall  away  when  the 
engine  starts  and  less  pedal  pressure  will  be  needed  to  hold  it  in 
the  applied  position.     If  no  action  is  felt  when  the  engine  starts, 
the  vacuum  system  is  inoperative. 

BRAKE  SYSTEM  MALFUNCTIONS 
No  Boost  -  Hard  Pedal  (Probable  Cause) 

Bent,  broken,  obstructed  tube,  collapsed  hose* 
Stuck  check  valve. 

Air  inlet  blocked.  ' 
Air  valve  stuck*  > 
Faulty  diaphragm. 
Faulty  piston  seal. 


1. 
2. 
3. 
4, 
5. 
6. 


Leaks  internally. 


Notts    For  repair  procsdurM,  r«f«r      applicable  nalntananca 
nanual. 

Slow  Brake  Pedal  Return  (Probable  Cause) 

1.  Excessive  seal  Jrlctton.in  power  unit. 

2.  Faulty  valve  action. 

3.  Broken  return  spring. 

Note:    For  repair  procedures ,  refer  to  applicable  maiateipnce 
manual.  . 

Brake  Grabbing  (Probable  Cause) 

1.  Broken  valve  spring. 

2.  Sticking  vacuum  valve. 

3.  Reaction  diaphragm. 

Note:    For  repair  procedures  refer  to  applicable  maintenance 
manual . 

Brake  Pedal  Chatter  (Bellows  Type)  (Probable  Cause) 

1.  Power  brake  trigger  is  out  of  adjustment  or  bent. 

2.  Master  cylinder  push  rod  is  improperly  adjusted. 

3.  Power  brake  trigger  rubber  collar  is  missing  or  damaged. 

4.  Binding  inside  of  power  unit. 

Note:     If  trouble  is  determined  as  being  caused  by  the  power 
booster,  refer  to  the  applicable  service  or  overhaul  manual 
for  service  procedure. 

The  preceding  diagnoses  are  malfunctions  that  apply  to  niost 
power  brake  systems.     For  further  diagnoses  of  power  brake  systems, 
refer  to  the  applicable  service  manual. 

SERVICING  BOOSTER 

Removal  and  replacement  of  the  vacuum  booscer  should  be  accom- 
plished by  closely  following  the  applicable  ser\'ica  manual.  Some 
manufacturers  recommend  replacement  of  the  vacuvim  booster  with  3 
new  one  if  the  booster  is  damaged  or  inoperative.     Some  brake  boosters 
are  serviced  only  as  an  asseiii)ly. 

READING  ASSIGNf^.ENT" 

In  the  manual  prx»vlded  by  your  instructor,  locate  and  read 
portions  dealing  with  the  operation,  troubleshooting  and  servicing 

of  the  vacuum  booster.  ' 
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^         Fi.Ture  27.    Slipper  Type  Purrp. 
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ROLLER   TYPE  PUMP 


Figure  28,    Feller  Type  Purrp • 
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PRINCIPLES  OF  OPERATION  AND  SERVICING  OF 
POWER  STEERING  SYSTEMS 


OBJECTIVES 


Upon  completion  of  this  unit  of  Instruction  you  will  be  able 
to  explain  the  principles  of  operation  of  the  power  steering 
assembly  and  also  be  able  to  service  the  system. 

INTRODUCTION 

Power  steering  at  one  time  was  an  extra  cost  option  on  most 
vehicles.    Today,  many  vehicles  have  power  steering  as  a  standard 
item  of  ec^ulpment.    You»  as  a  member  of  the  Mr  Force  vehicle  mainte- 
nance team,  must  be  able  to  diagnose  troubles  related  to  the  power 
steering  system  and  service  this  Item  when  the  need  arises. 

INFORMATION 

The  power  steering  unit  furnishes  power  to  reduce  the  amount 
of  turning  effort  required  at  the  steering  wheel. 

Because  of  the  complexities  and  variations  of  the  power  steering 
systems  that  are  available  on  the  different  makes  of  vehicles,  we 
will  cover  only  one  extensively,  **The  Integral  Power  Steering  System-'* 
We  will  discuss  the  Integral  system  because  it  is  most  widely  used 
system  on  automobiles  today. 

There  are  two  distinct  types  of  power  steering  in  current  auto- 
motive use.    The  first  is  the  "tie* rod  power  assist"  typ^  and  the 
second  is  the  "steering  gear  power  assist"  which  is  the  integral 
system. 

The  integral  system  is  so  called  because  the  hydraulic  assist: 
unit  incorporates  as  an  integral  unit  with  the  steering  gear*  \\\^ 
following  paragraphs  cover  the  different  components  that  make  up 
the  power  steering  system. 

.  PUMP 

There  are  three  major  types  of  hydraulic  pumps  used  in  conjunct- 
tion  with  current  automotive  power  steering.     They  are:     (1)  vane, 
(2)  slipper^  and  (3)  roller.     Figures  26,  27  and  23  illustrate  thes<j 
three  types  of  pumps. 

Power  steering  pumps  are  either  mounted  on  the  engine  and  v^t, 
belt-driven  from  the  crankshaft,  fan  drive  pulley,  or  driven  directly 
by  the  engine. 
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All  pow«r  8t««rlng  pump*  h«v«  a  fluid  r«»«rvoir  int«gr«lly 
nountttd  on  top  of  tha  pump.    A  presaura  rallef  and  bypaaa  valva  is 
Incorporatad  within  tha  pump  to  prevant  axcaaaiva  presaura  within 
the  systra. 

Tha  »od«  of  operation  of  the  power  a tearing  pump  ia  baaed  upon 
tha  demand  of  the  power  steering  gear. 


OlPSTiCK 


SPRING 

y 


Iconthol 

BELIEF  VALVE 


■  RESE^vOifl 


OfttFICC  PLUG 

Figtdre  29.    Pouer  Steering  Pump. 

The  various  major  modes  of  operation  are:    slow  cornering » 
moderate  to  high  speed  straight  ahead  driving,  and  cornering  against 
Che  wheel  stop.    The  puap  ia  designed  to  recognize  these  conditions 
as  required  by  the  steering  gear  valve  and  compensates  for  them 
internally.    Figure  29  illustrates  a  power  steering  pump.    All  power 
steering  pumps  are  positive  displacement  pumps,  which  means  that 
they  will  move  a  definite  volume  of  fluid  depending  on  the  speed  at 
which  they  are  operated.  • 

^    _  STEERING  GEAR  -  INTEGRAL  SYSTEM 

The  integral  power  steering  gear  has  an  open 'center,  three-way 
control  valve,  which  directs  oil  to  either  side  of  the  rack  piston. 
The  rack  piston  converts  hydraulic  power  into  mechanical  output, 
^e  steering  gear  incorporates  the  recirculating  ball  system  in 
which  steel  balls  act  as  a  rolling  thread  between  the  steering  wormshaft 
and  rack  piston.    The  rack  piston  nut  is  geared  to  the  sector  of  the 
pitman  shaft.    The  control  valve  is  contained  in  or  on  the  gear  housing. 
Figure  30  illuatrates  a  power  steering  gear.    Figure  31  illustrates 
a  disassembled  power  steering  gear  assembly. 

'  The  fluid  flow  is  continuous  from  the  reservoir  to  the  pump, 
to  the  control  valve,  and  back  to  the  reservoir. 
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h'cuer  Steering  Gear  .Aaot^inbly  (Oieaaaimhled) , 

O  4  \ 
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Thl«  typ«  of^owtir  stMring  also  opposM  "road  «hock"  or  "kick- 
back" causad  by  ^ugh  roads.    Soma  vahlclaa,  aspadally  choia  _ 
aqulppad .vlth  air  conditloalat>  c^^uira  a  powar.  ataari&s  ayataa^ 
fluid  coolar.    Th#  coolar  companaataa  for  tha  h^ar  Canparaturaa 
Inharant  In  soma  vahiclca,  and  pro tacts  tha  hoaab  and  saala  fron 
axcaaaiva  taoparaturaa  undar  axtraat  oparating  conditions. 

The  Integral  scMrlng  gears  have  internal  oil  paaaagee  within 
the  gear  except  the  pressure  and  return^oses  between  the  valve  and 

pump* 


'igure  32.  Valve  Oil  Flew  - 
Straight  Ahead  Position,  • 


Figure  33.    Steering  Gear  Straight  Ahead  Pcaition.  ■ 

POWER  STEERING  GEAR  OPERATION 

With  the  steering  wheel  in  straight  ahead  position,  oil  flows 
from  the  pump  through  the  open  center  valve  and  back  to  the  pump 
reservoir  without  traveling  through  the  power  cylinder.    See  figure  32 
The  valve  is  in  the  open-center  position  at  all  times  except  when 
steering,  reducing  pump  losses  to  a  minimum.    The  power  gear  assembly 
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^  U  full  of  oil  which  «ctt  u  4  cuahlon  to  Absorb  ro«d  «hock«  to 

thftC  chay  ftro  not  eransmlctad  to  ch«  drlvst.    In  addition,  this  oil 
lubricatM  sll  ch«  inc«rn«l  cosponsnts  of  th«  tmSc^  as  shown  In 
figiirm  33. 


Figure  24.    Valve  Oil  Flou  - 
Right  Turn  Poaition. 


Figure  36,    Steering  Gear  Oil  FlcM  -  Right  Turn  Poaition. 

It«lurn  Oil 


/ 
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Figure  27.    Steering  Gear  Oil  Flcu  -  Left  Turn  P'oaiticn, 

When  the  steering  wheel  1»  turned  to  the  right  or  left,  due  to 
the  turning  resistance  between  the  front  wheeU  and  the  road,  the 
steering  control  valve  ie  actuated.    The  reepective  power  cylinder 
piston  face  will  be  pressurized  while  the  bppoelte  end  will  be  open 
to  return  fluid  to  the  reservoir.    Refer  to  figures  3A,  35,  36  and 
37  for  the  various  positions. 

During  alow  cornering  maneuvers,  figure  38,  the  oil  pressure 
required  will  usually  not  exceed  400  psi.    Thd  speed  of  the  pump  is 
not  high  enough  to  require  internal  bypassing  of  oil,  therefor**, 
the  putop  bypass  port  remains  closed.    The  high  pressure  discharge  oil 
is  slightly  lower  in  pressure  than  the  internal  high  pressure  oil. 
The  drop  in  pressure  occurs  as  oil  fl6ws  through  the  flow  control 
orifice.    This  lower  pressure  is  conttunicated  to  the  bottom  end  of 
the  pump  control  valve,  via  orifice  and  passage,  resulting  in  a 
pressure  unbalance  on  the  valve  itself.    The  flow  control  valve 
moves  away  from  the  discharge  fitting,  but  due  to  the  force  of  the  flow 
control  Spring  the  valve  remains  closed  to* the  bypass  hole.    The  oil 
pressure  does  not  build  up  high  enough  to  cause  the  pressure  relief 
valve  to  actuate  because  the  oil  pum{>ed  through  the  steering  gear  is 
allowed  to  recirculate  through  the  entire  system. 

When  operating  at  moderate  to  high  speed,  figure  39,  it  is 
desirable  to  limit  the  temperature  rise  of  the  oil.    This  is  done  by 
flow  controlling,    the  control  valve  in  the  steering  gear  is  an  open 
center  rotary  valve.    When  this  valve  is  in  the  straight  ahead  position, 
oil  flows*  from  the  pump  through  the  open  center  valve  and  back  to  the 
pump  reservoir  without  traveling  through  the  power  cylinder.  When 
this  flow  exceeds  the  predetermined  system  requirement,  oil  is  bypassed 
within  the  pump.    This  is  accomplished  by  the  pressure  drop  which 
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occurs  across  the  flow  cohtrol  orifice.    The  pressure  ia  reduced  at 
the  bottom  of  the  flow  control  valve,  via  orifice  and  t>^8^S<*  T*is 
pressure  unbalance  on  the  valve  is  sufficient  td  overcome  the  force  of 
the  spring,  alloifing  the  valve  to  open  the  bypass  hole  end  diverting 
oil  into  the  Intake  chamber.    Supercharging  of  the  intake  chamber 
occurs  under  these  conditions-    Oil  at  high  velocity  discharging 
past  the  valve  into  the  intake  chamber  picks  up  make-up  oil  at  the 
hole  from  the  reservoir  on  the  Jet  pump  principle.    By  reduction 
of  velocity,  velocity  energy  is  converted  into  super  charged 
pressure  in  the  civity.    During  this  straight  ahead  driving  coBdl'tioh, 
the  discharge  pressure  should  not  exceed  100  psi. 

When  the  steering  gear  control  valve  is  actuated  in  either 
direction  to  the  point  of  cut-:off,  the  flow  of  oil  from  the  pump  is 
blocked.    This  condition  occurs  when  the  front  wheels  meet  the 
wheel  stop,  figure  40,  or  when  the  wheel  movement  is  otherwise 
blocked  by  a  curb  or  deep  sand  or  mud.    The  pump  is  equipped  with  a 
pressure  relief  valve.    The ''relief  valve  is  contained  inside  the 
flow  control  plunger.    When  the  pressure  exceeds  a  predetermined 
pressure  (greater  than  maximum  system  requirements),  the  pressure 
relief  ball  unseats,  allowing  a  small  amount  of  oil  to  flow  into 
the  bypass  hole.    This  flow  of  oil  passing  through  the  pressure 
relief  orifice  causes  a  pressure  droo  and  resulting  lower  pressure  on 
the  bottom  end  of  the  control  valve. 

The  pressure  unbalance  then  causes  the  valve  to  compress  the 
spring  allowing  the  major  portion  of  the  oil  to  bypass  into  the 
intake  chamber  in  the  same  manner  as  is  accomplished  by  flow 
controlling.    Relief  pressures  are  usually  between  750  and  1450  psi 
depending  on  the  vehicle  requirements.    Refer  to  applicable  service 
manual  for  recoimnended  specifications. 

If  the  engine  is  not  running  or  the  power  system  should  fail, 
the  steering  gear  will  operate  manually,  with  increased  steering 
effort,  giving  the  driver  full  control  of  the  car. 

SERVICING  POWER  STEERING  SYSTEM 

Conditions  such  as  shimmy,  hard  or  loose  steering,  and  road 
shocks  may  be  caused  by  damaged  or  faulty  front  suspension  and 
steering  components,  steering  shaft  and  coupling  alignmient,  front 
end  alignment,  shock  absorbers,  wheel  bearings,  wheel  balance, 
tires  or  tire  pressure.    These  items  should  all  be  checked  for 
proper  operation  before  performing  repairs  on  the  power  steering 
system.     Before  doing  any  major  service  work,  c^eck  and  correct 
the  fluid  level  and  condition,  belt  adjustment^,  pump  pressure,  and 
steering  gear  adjustment.     Always  refer  to  the  applicable  service 
tsanual  for  removing  and  replacing  procedures  of  the  steering  gear 
assembly . 

Disassembly  and  assembly  of  the  unit  and  the  subassemblies 
must  be  made  on  a  clean  work  bench.     Cleanliness  is  of  utmost  im* 
portance  in  repairing  this  or  any  other  hydraulically  operated  unit. 
The  bench,  tools,  and  parts  must  be  kept  clean  at  all  times* 
Thoroughly  clean  the  exterior  of  the  unit  with ;il  suitable  solvent 
and  when  necessary  drain  as  much  of  the  oil  as  possible. 
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Lubrication  of  tho  hydtAuXie  wchuiltv  la  not  raqulrad.  How- 
'tv«r,  chack  tha  hydraulic  fluid  laval  in  tha  raaarvolr  pariodlcally 
and  raplaniah  to -tha  indicatad  laval  nark.    Usa  tha  manufacturer's 
racoMandad  fluid  or  ita  aquivalant.    For  rapairs  of  the 
staaring  gaar  on  tha  vahicla,  rafar  to  applicable  service  manual. 

READING  ASSIGNMENT 

In  thft  manual  provldad  by  your  Instructor »  locate  and  read 
portions  covarlng  the  operation  and  servicing  of  the  power  steering 
system* 


G«i«r«l  V«hlel«  M«int«naac«  Brneh  3AZI4t350-A-SG-107 
ChanuC*  AFB,  Illinois  4ASt47350-6-SG-l0S 

4AST4735O-9-SG-105 
3ABR47330-SG-604B 

TROUBLESHOOTING  ANO  MAINTENANCE  OF  POWER 
STEERING  COMPONENTS 


OBJECTIVES 


Upon  cottpleclon  of  this  unit  of  lastructlotit  you  will  be  able 
to  troubleshoot  and  explain  the  repair  procedures  of  the  power 
steering  system  of  general  purpose  vehicles* 

INTRODUCTION 

The  vast  majority  of  power  steering  gears  and  pumps  are  remarkably 
dependable  and  trouble*f ree«    As  a  matter  of  fact»  the  only  things 
that  must  be  checked  periodically  are  pump  drive  belt  adjustment  and 
power  steering  fluid  level «    But  seldom  is  anything  absolutely  fool^ 
proof  so  power  steering  troubles  do  happen  now  and  then  to  tax  your 
diagnostic  know-how  and  service  skills*  ^ 

The  information  yln  this  study  guide  will  improve  your  know-how 
and  tip  you  off  to^he  more  coimuon  service  pitfalls 

INFORMATION 

Many  factors  affect  power  operation  of  the  steering  system^  of 
which  the  most  coionon  are: 

1.  Fluid  level  and  condition. 

2.  Drive  belt  tension. 

3.  Loose  component  mountings. 

4.  Loose  pump  pulley* 

These  factors  nrust  be  checked  and  corrected  before  making  any 
further  diagnoisis  of  the  steering  system.    The  need  for  proper  diagnosis 
cannot  be  over-emphasized. 

After  the  source  of  the  problem  has  been  founds  deten:^ne  the 
cause •  For  example »  if  the  oil  level  fti  the  reservoir  is  found  to 
be  low,  refill  and  check  the  entire  hydraulic  system  for  oil  leaks. 

When  acfjusting  a  power  steering  pump  belt,  never  pry  against 
the  pump  reservoir  or  pull  against  the  filler  neck*    To  increase 
belt  tension  move  the  pump  outward  by  prying  against  the  pump  housing 
casting  extension  directly  behind  the  pump  drive  pulley.    Pump  drive 
belt  tension  cannot  be  checked  accurately  using  the  thunb  pressure 
or  belt  deflection  methods.    Correct  belt  adjustment  is  assured  only 
with  the  use  of  a  belt  tension  gauge.    Tension  settings  differ  in 
that  if  the  belt  is  old  or  new.    A  belt  that  has  been  run  longer 
than  15  minutes  is  consi<iered  an  old  belt. 
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During  th«  breaking-ln  period  of  the  vehicle,  it  ia  probable 
that  some  of  the  factory  adjustments  will  change.    These  changes ^ 
in  adlustment  do  not  necessarily  affect  the  satisfactory  operation 
of  the  steering  gear  assenbly  and  ordinarily  do  not  tequire  readjust- 
ment unless  there  is  excessive  lash  or  other  malfunctioning.  The 
only  adjustment  that  should  be  performed  in  the  vehicle  is  the  total 
over  center  position  load  (iflfcsh  load)  to  eliminate  excessive  lash 
between  the  sector  shaft  and  rack  ^eeth.    Always  refer  to  the 
applicable  service  manual  for  adjustment  procedures. 

Another  check  for  locating  malfunctions  is  thfe  power  steering 
flow  and  pressure  test  which  will  show  whether  the  punrp,  steering 
gear  or  power  assist  control  valve  is  causing  the  trouble.  Refer 
CO  the  applicable  service  manual  for  pump  flow  and  pressure  test 
procedures . 

MALFUNCTION  DIAGNOSIS,  ^SUIDE 

In  the  following  paragraphs  are  some  malfunttions  and  probable 
causes  that  are  usually  common  to  all  or  nearly  all  power  steering 
systems.     For  all  inspections  or  servicing  of  the  systems  or 
components  r.lways  refer  to  the  applicable  technical  publication. 

Hard  or  Erratic  Steering 

Low  or  uneven  tire  pressure. 

2.  Incorrect  steering  gear  adjustment. 

3.  Improper  front  wheel  alignment. 

4.  Insufficient  or  incorrect  lubrication.  . 

5.  Suspension  parts,  steering,  or  linkage  components 
damaged  or  misaligned. 

6.  Tight  wheel  bearings. 

7.  Sagging  springs . 

Excessive  Play  or  Looseness  in  the  Steering 

L.  Steering  wheel  loose  on  shaft. 

2.  Steering  gear  adjustment  loose  or  parts  badly  worn. 

3.  Steering  linkage  or  attaching  parts  loose  or  worn. 

4.  Steering  arms  loose. 

ij.  Loose  or  worn  wheel  bearings, 

6  Steering  gear  housing  attaching  bolts  loose. 

7,  Plttman  arm^oose  on  shaft. 
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Wheel  Shliwv  or  Tramp 

J.     Vh«ftls,  tirea,  or  brake  drua»  out  of  b«lanc«  -  wh««l 
run-out .  , 

2.  Loo««  or  worn  st««ring  p«rt«  or  connection*. 

3.  Incorrect  tire  pressure.  ' 

4.  Inoperative,  looee,  or  worn  ehock  ebeorbere  or  nountlng 
parts. 

5.  Looae  or  worn  wheel  bearings. 

6.  Incorrect  steering  gear  adjustne^ta. 

7.  Cupped,  eccentric,  or  bulged  tires. 

8.  Incorrect  front  wheel  aillgnaftnt. 

h  ■ 

Pump  Leaks  t 
'\  , 

1.  Pump^haft  seal  worn  or  daiaaged. 

2.  Reservoir  too  full. 

3.  Inlet  or  outlet  connections  damaged. 

4.  Reservoir  ^r  pump  body  "O"  rings  or  gaskets  damaged. 

5.  Porosity  in  pump  casting.  ' 
Noisy  Pump  Operation 

1.  Low  fluid  level. 

2.  DrivA^^haft  or  pulley  loose  or  bent. 

■■•*  ■  ! 

3.  Air  m  system.     Check  vent  in  reservoir  cover-bleed  system. 

4.  Pump  bushings  or  internal  p^arts  worn  or  scored. 

5.  Dirt  in  pump  or  gear. 

6.  Slipping  drive  belt. 

•    7.      Loose  mounting  parts;  hoses  touching  other  parts  of 
the  vehicle. 

Hard  Steering  or  Insufficient  Power  Steering  Assistance 

1.  Weak  oil  flow  in  System.    Inspect  pump  relief  valve  and 
flow  control  valve;  inspect  oil  hoses  for  restrictions. 

2.  Drive  pulley  loose. 
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3,*      Drive  belt  worn,  slipping,  or  oil  on  belt. 
^  4,   '  Lack  of  pump  speed  due  to  low  engine  idle. 
Hard  Steering. While  Driving 

1.  Lower  coupling  flange  rubbing  against  adjuster. 

2.  Incorrect  column  aUgnxoent, 
Hard  Steering  When  Parking 

.  1.      Loose  pump  belt. 

2.  Low  oil  level  in  reservoir. 

3.  Iint>roper  lubrication  in  linkage  or  froi>t  suspension. 

4.  Low  or  uneven  tire  pressure. 

5.  Insufficient  oil  pressure  -  check  operating  pressure. 

Low  Oil  Pressure 

1.  Restrictions  in  hoses;  kinks  or  foreign  objects  in  hoses. 

2.  Pressure  loss  in  cylinder  due  to  worn  piston  ring  or  scored 
housing  bore. 

3.  Leakage  at  valve  rings ^  valve  body  to  worm  seal,  or 
rack-piston  end  plug. 

Loose  fit  of  spool  in  valve  body  or  leaky  valve  body. 

Steering  Wheel  Surges  or  Jerks  When  Turning  With  Engine  Running, 
Especially  When  Parking 

1.  Loose  pump  belt. 

2.  Low  system  pressure- 

Poor  Return  of  Steering  Gear  to  Center 

1.  '     Lower  coupling  flange  nibbing  against  adjuster. 

2.  Steering  wheel  binding. 

3.  Incorrect  tire  pressure. 

4.  Incorrect  front  end  "alignment . 

5.  Tight  steering  linkage. 

6.  Tl,e-rod  ball  studs  not  centered. 

7.  Steering  gear  misalignment. 
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8.  Tight  suapftiisioa  ball  joints* 

9.  Staaring  adjuacnant  tight.    Diaconnact  pitman  arm  and 
raadjuac. 

10.  Thruat  baaring  adjuatmant  too  tight. 

11.  Rack-piaton  nut  and  worm  praload  too  tight. 

12.  Sticky  valva  apool  -  ramova  and  daan  valva  or  raplaca 
valva . 

Momentary  Incpnase  in  Effort  When  Turning  Wheel  Fast  to 
Right  or  Left 

1.  Oil  low  in  ptflHp. 

2.  Pump  bait  slipping. 


3.     High  intartial  laakaga  -  raplaca  rack-piaton  ring  and  "0" 
ring,  rack-piaton  and  plug,  valva  body  to  worm  aaU,  and/or  raplaca 
valve  aisambly. 

External  Oil  Leaks  * 
1.      Loose  hoae  connections. 
'2.      Damaged  hose. 

3.  Defective  side  cover  "O"  ring  •eal. 

4.  Defective  pitman  thaft  seals. 

5.  Defective  housing  end  plug  seal. 

6.  Defective  adj^ter  plug  seal. 

7.  Defective  torsion  bar  seal. 
Gear  Noise  (Rattle  or  Chuckle) 

1.  Loose  over-center  adjusttaent. 

2.  Flexible  coupling  misaligned  and  rubbing. 

3.  Gear  loose  at  frame  nounting. 
Excessive  Wheel  Kickback  or  Loose  Steering 

V 

1.  Lash  in  spring  linkage  or  suspension  components. 

2.  Air  in  system.  '  * 

3.  Steering  gear  loose  on  frame. 


4.  ExcMfllve  lash  between  pitman  shaft  sector  and  rack-piston. 

5.  Loose  thrust  bearing  adjustnent 


6.  Shaft  flax  coupling  loose. 

7.  Ball  nut  and  worm  preload  incorrect. 
Valve  Squawk  When  Turning  or  Recovering  frofn  a  Turn 

1.  Cut  or  worn  damper  ring  on  valve  spool. 

2.  Loose  or  worn  valve. 
No  Effort  Required  to  Turn 

1.  Broken  torsion  bar  -  requires  valve  replacement. 

2.  Damaged  torsion  bar. 

READING  ASSIGNMENT 

In  Che  manual  provided  by  your  instructor,  locate  and  read 
portions  pertaining  to  preliminary  checks  and  troubleshooting  o 
the  power  steering  system.  » 
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3ABR47231C-PT-601 


Technical  Training 


General  Purposa  Vehicle  Repairman 
Special  Vehicle  Repairman 
(Towing  and  Servicing  Vehicles) 
(Craah/Fire  Vehicles) 
(Refueling  Vehicles) 
(Materials  Handling  Vehicles) 


HYDRAULIC  BRAKE  SYSTEM 


CHANUTE  TECHNICAL  TRAINING  CENTER  (ATC) 


This  supersedes  3ABR47330-PT-601 ,  22  April  1970, 
OPR;  TDWS 
DISTRIBUTION;  X 

TDWS  -  800;  TTOC  -  6 


Designed  For  ATC  Course  Use 

Do  Not  Use  on  the  Job. 


OBJECTIVES 


After  completing  this  programmed  text  you  will  be  able  to  accomplish  the 
following  objectives  with  ^5%  accuracy. 

L     State  two  hydraulic  principles  used  in  hydraulic  brake  system 
operation. 

1.     State  how  the  pressure  in  a  hydraulic  brake  system  is  indicated. 

3,  Given  the  area  of  a  brake  cylinder  piston  and  the  applied  force, 
compute  the  system  pressure. 

4.  State  the  rule  of  thumb  used  to  design  a  typical  brake  system  in 
relation  to  engine  size. 

5*      List  the  two  fluids  used  to  compose  hydraulic  brake  fluid. 

b.      List  the  major  components  of  the  hydraulic  brake  system. 

7.  Given  an  illustration  of  the  following  comoonents  label  the  part  of 
each  one: 

a.  Master  cylinder, 

b.  Wheel  cylinder, 

c.  Drums  and  shoes. 

8.  State  the  purpose  of  bleeding  a  brake  system. 

VALIDATION 

This  programmed  text  was  validated  in  1964  by  30  students  enrolled  in 
the  3ABR47330  course  at  Chanute  AFB.    At  least  90%  oi  the  students  used  in 
the  validation  exercise  achieved  the  objectives  as  stated.    The  text  has 
trained  approximately  5000  students  and  is  considered  to  be  stUl  valid. 


INSTRUCTIONS  ' 

The  Programmttd  Text  which  you  are  About  to  use  will  teach  you  some 
basic  information  about  hydraulic  brake  «yatem8.    The  information  will  in- 
clude: identification  of  components,  location  of  components,  hydraulic 
principles,  and  some  repair  procedures  to  be  followed.    You  will  receive 
additional  training  in  tl>e  shop,  but  the  information  you  receive  from  this 
package  will  make  your  work  in  the  shop  easier.    The  program  is  'presented 
in  a  series  of  small  steps  called  "frames. "   You  will  be  required  to  make  a 
response  to  most  of  these  frames,  and  the  responses  will  help  strengthen 
your  knowledge  of  the  material.    Record  your  responses  in  Response  Book? 
let  3ABR47330-PT-601..  Check  your  answer  with  the  one  given  at  the  top 
of  the  next  frame.    If  they  are  the  same  proceed  to  the  next  frame.    If  your 
answer  is  different,  reread  the  frame  to  find  your  error  before  moving  ahead 
to  the  next  frame.    At  the  completion  of  this  program  you  will  be  given  a  test 
which  covers  the  material.    Read  the  background  information  immediately 
below  then  proceed  to  Frame  1  on  the  top  of  the  next  page.    Answer  all 
questions  in  the  response  booklet. 

BACKGROUND 

One  problem  that  has  "bugged"  the  designer  of  every  vehicle  is  "How  to 
stop  it?"   Early  animal -drawn  vehicles  could  be  stopped  successfully  by 
application  of  a  block  of  wood,  sometimes  covered  with  iron,  to  the  rim  of 
one  of  the  wheels.    The  principal  use  of  such  a  brake  was  to  hold  the  vehicle 
while  it  was  stopped,  rather  than  to  stop  it  while  in  motion.    The  animals 
which  pulled  the  vehicle  were  also  trained  to  voice  and  rein  signals  and  to 
use  their  weight  and  strength  to  stop  the  vehicle.    As  mechanical  propulsion 
began  to  replace  animals,  the  need  for  more  efficient  stopping  or  braking 
mechanisms  soon  became  evident.    From  about  1905  until  1928  vehicles 
manufactured  in  the  U.S.  were  equipped  with  brakes  on  the  rear  wheels  only. 
At  this  time  several  states  passed  legislation  which  required  all  vehicles 
manufactured  after  that  date  to  be  equipped  with  brakes  on  all  wheels. 
Most  vehicle  manufacturers  still  favored  mechanically -operated  brakes 
actuated  by  rods  or  cables.    As  the  vehicles  became  faster,  heavier,  and 
more  numerous,  the  need  for  better  braking  systems  became  more  critical. 
The  manufacturers  who  pioneered  the  use  of  hydraulic  brake  systems  received 
the  approval  of  the  buying  public,  and  competition  finally  forced  all  manu- 
facturers to  adopt  them.    The  last  major  manufacturer  to  adopt  hydraulics 
put  them  on  in  19  39.    Since  that  date,  only  the  parking  brake  is  mechanical. 


Frama  1. 


We  said  that  aarl^  brakes  were  merely  a  wooden  block  which  waa  ap- 
plied to  the  outer  rin  of  the  >Aeel.    In  a  modem  automobile  the 
wheels  nay  be  turning  as  fast  as  1,^00  revolutions  per  minute.  This 
speed  would  make  any  sort  of  primitive  brakes  not  only  linpractical, 
but  impossible.    Braking  action  in  the  modem  vehicle  is  the  result 
of  friction  between  a  rotating  drum  and  a  set  of  movable  shoes.  The 
drum  is  secured  to  the  i^eel  and  the  shoes  are  mounted  to  the  vehicle 
at  the  axles.    The  shoes  are  actuated  by  pistons  in  a  hydraulic 
cylinder. 


QlJESTIOll  1. 

????????????????????????  ?'??????????■?? 

Which  of  the  statements  below  are  correct?  (Mark  your  answer  in  the  ^ 
^  Response  Booklet.) 


?        a.    Braking  action  is  caused  by  the  contraction  of  the  brake 
shoes . 


? 


b.  Friction  between  the  shoes  and  the  drums  causes  braking 
action.  ? 

c.  Pistons  in  a  hydraulic  cylinder  actuate  the  brake  shoes.  ? 

d.  Brake  shoes  actuate  pistons  in  the  hydraulic  cylinder  to  ? 
stop  the  vehicle. 


7????''?''??''??''??????????'???'??'^'!''^'??'? 


1 


Frane  2. 


statements  "b"  and  "c"  are  both  correct. 


'one  of  the  hydraulic  principles  used  in  designing  hydraulic  brake 
systems  is  that  fluids  cannot  be  compressed  under  ordinary  pressures. 
With  this  principle  in  mind,  the  problems  are  reduced  to  finding  a 
way  to  transmit  the  fluid  where  needed,  sealing  it  against  leaks,  and 
determining  how  much  pressure  must  be  applied  to  perform  the  task  of 
stopping  the  vehicle. 


QUESTION  2. 

,,^,,,^,.?,0777??7?7?????????????????? 

?        In  the  parenthesized  statement  below,  select  the  word  or  words  ? 

whicii  make  it  a  true  statement.     Write  the  word  In  the  provided 
?  space  in  your  Response  Booklet.  ? 

7       "Fluids  ^'can)  (cannot)  be  compressed  'inder  ordinary  pressures."  ? 

,  If  you  picked  "cannot"  you  are  correct.    Proceed.  7 

If  you  picked  anything  else,  yon  don't  belong  here 
.,.,,,^,^.>07'?077777777?777????  ?????????? 

QUESTION  3- 

,7-?-,  077779C77777777V77?????? 
?   Fill  ill  t!ie  blank  provided  for  Question  3  in  your  Response  Booklet, 

?  ' 

Since  fluid  cannot  be    under  ordinary  pressures, 

?  the  next  move  is  to  determine  how  much  pressure  is  needed  to  perform  ? 

the  task  of  stopping  the  vehicle.    The  essential  factors  here  are  the 
?  weight  of  the  vehicle  and  the  speed  at  which  it  is  to  be  operated.  ? 

"ressure  generated  in  a  hydraulic  brake  system  may  run  up  to  l.UOO 
;  pounds  per  square  inch  (PSI).  • 

^,,^,.,r,'?7777777777??????????????????? 
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An9v«r  to  Question  3: 

Tou  should  have  answered  »* compressed." 


????????????????????????????????????? 

7     How  high  in  pounds  per  square  inch,  is  the  pressure  of  a  hydraulic  7 
brake  system?  ^S^*     (Answer  in  the  Response  Booklet.) 

????????????????????????????????????? 


■0- 

Qheck  your  answer  at  the  top  of  Frame  U. 

If  70U  are  incorrect,  return  to  Question  3  at  the  bottom  of  Frame 
2  and  read  it  again. 


We  have  learned  that  one  of  the  principles  of  hydraulics  applied 
to  the  design  of  brake  systems  is  that  fluids  cannot  be  compressed 
under  ordinary  pressure*    Another  principle  used  is  that  force  may 
be  transmitted  through  fluids  in  a  closed  system. 


QUESTION  5- 

?????'^''?????????????????????????'^???? 
?  How  is  fOi^e  transmitted  in  a  hydraulic  brake  system?  ? 
?  Write  your  answer  in  the  space  provided  in  vour  Response  Booklet  .  ? 
????????????????????????????????????? 


3 

r 
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Frame  U. 


Answer  to  Question  U  is  l.UOO  PSI 

Answer  to  Question  5:    Through  fluids,  since  they  cannot  be  com- 
pressed.   (You  may  not  have  included  the  last  portion  of  the  answer, 
but  it  is  in  direct  correlation.) 


QUESTION  6. 

????????????????????????????????????? 

'     What  is  the  physical  use  of  fluids  in  a  hydraulic  brake  system? 

?         (Write  vour  answer  in  the  blank  space  provided    in  your  Response  ? 
Booklet) 

O99909999979999999997977777097977777? 


-a 

The  answer  to  Question  6  is:    Fluids  are  used  to  transmit  force 
in  a  hydraulic  brake  system  (or  words  to  that  effect). 


If  force  is  transmitted  through  fluids,  pressure  must  be  applied 
to  create  this  force.    Since  there  must  be  a  means  of  describing  and 
measuring  this  force  the  term  "pounds  per  square  inch"  or  PSI  was 
selected  as  being  the  most  descriptive.    This  is  a  common  means  of 
measuring  gases  and  fluids- 


QUESTION  7. 

999999999999999999999999999999999999'? 

?     How  is  the  pressure  in  a  hydraulic  brake  system  indicated?  ? 
(Write  the  answer  tn  the  space  provided  in  your  Response  Booklet.)^ 


ERIC 


The  answer  to  Question  7  lat    Preeaure  In  «  hydimlic  breke  ayat. 
is  indicated  in  pounds  per  square  inch,  or  its  abbreviation  "FSI. 
(PSI  Is  sufficient.) 


OOESTIOMS  8,  ?,  and  10. 

??  7  ??????????  7  ????????  7  ?  7  ?????????     ?  ? 

?       Jta  i  review  of  what  has  been  covered  so  far,  complete- the  sentences  7 
'  below  by  writing  the  answers  in  the  space  provided  in  the  Response 
?  Booklet .  J 

Question  8.    Fluids  cannot  be   under  ordinary 

7  pressures. 


?     Question  9.    Force  miy  be  _ 

closed  syBten. 


through  fluids  in  a 


Question  10.  Pressure  in  a  hydraulic  brake  syat«m  is  measured  in 


9  7? 


?  ?  ?  ?  ?  ?  7  ?  ?  7  7  ?  ?  ?  7  7  7  ?  ?  7  7  ?  7  7  ?  7  ?  ?  ?  ?  7  7  7  ?  ? 
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Frame 

The  answers  to  the  questions  asked  in  Frame  3  are: 

8 .  compressed. 

9 .  trananitted. 

10.  po'onds  per  square  inch. 


We  have  learned  that  pressure  must  be  applied  to  the  system  to 
create  the  force  which  is  transmitted  to  the  wheels  to  stop  the 
vehicle.    We  have  learned  that  this  pressure  is  measured  in  pounds 
per  square  inch.    The  amount  of  pressure  is  determined  by  dividing 
the  applied  force  (in  pounds)  by  the  area  of  the  piston  (in  square 
inches)  to  which  this  force  is  applied.    Thus,  a  pi#ton  with  an  area 
of  3  square  inches  to  which  a  force  of  1$  poTinds  Is  applied  will 
create  a  pressure  of  5  pounds  p^r  square  inch,  or  5  PSI. 


(JJESTIONS  11,  12,  and  13 . 

??????????????????'7'''?'''''?9'?9007'?'?'?0'>09 

?      Complete  the  statements ^below.    Write  your  answers  in  the  ? 

lespuriMc  Booklet. 

^      Question  11.    With  a  piston  of  U  sq.  in.  area  and  a  force  of 

•  pounds,  v^t  would  be  the  pressure  created?  "? 


1     ^naestion  12.    With  a  piston  having  ?  sq.  in.  ^d  a  force  of  30 

pounds,  what  pressure  would  be  created? 


Question  13.    A  force  of  2\x  pounds  exerted  on  a  piston  having  3 
sq.  in.  would  give  what  pressure  in  the  system? 


9 


??????  ??????????777777777970'??977'?r.9'5 
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The  mswers  to  the/ qwstions  aakad  on  ?rmm  6  are: 

QttesUon  li.    20  divided  by  U  -  5  pounds  per  aq.  in.  or  ?  PSI. 
Question  12.    30  divided  by  $  -  6  PSI. 
Question  13.    2h  divided  by  3  -  8  PSI. 


fomulj 


As  can  be  readi;Ly  seen,  thefonrfula  remaioa  constant  and  changing 
the  values  for  the  irf.8ton  area  and  the  force  applied  will  enable  the 
diesigner  of  the  brake  system  to  create  any  pressure  needed  to  stop 
the  vehicle.  "A  role  of  thumb  used  by  brake  system  engineers  is  to 
design  the  braking  system  to  control  eight  times  the  horsepower  of 
the  engine  to  be  used  In  the  vehicle. 


QUESTIONS  lU,  1$,  and  16.  ^  ' 

•>     Complete  the  statements  below,  by  writing  your  answers  in  the  spaces  ? 
provided  in  your  Response  Booklet.  ^ 

Question  lii.    If  the  engine  of  a  vehicler  develops  200  horsepower, 
/?  how  much  horsepower  control  will  be  designed  into 

the  brak  system?  ^ 

Question  1^.    If. the  engine  develops  2$0  horsepower,  how  much 

control  will  be  designed  into  the  vehicle's  brake  ? 
system?  —  '  ^ 

Question  l6.    With  a  300  horsepower  engine,  how  much  control  is  ^ 
required?  —  * 

9999999997?????????????????????????'? 
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Frame  8, 


The  answers  to  the  questions  asked  oh  Frame  7  are: 


Question  lU. 
Question 
Question  16. 


1,600  horsepower. 
2,000  horsepower. 
2,liOO  horsepower. 


QUESTIONS  17,  18,  19,  and  20. 

??????????????????????????????7????7 

?     Complete  the  statementa  below  by  writing  your  answers  in  the  spaces 
provided  in  your  Response  Booklet. 

^     Question  17.    How  is  pressure  determined,  and  how  is  it  expressed? 

*  ■ 

^     Question  l8.    A  forc^f  2$  pounds  applied  to  a  piston  of  5  sq.  in. 

area  would  give  how  much  pressure  in  the  systen? 


Question  19. 


Question  20. 


How  many  times  the  horsepower  of  the  vehicle's 
engine  can  be  controlled  by  the  brake  system  of  the 
vehicle?   ^  , 

If  an  engine  of  a  vehicle  developed  22$  horsepower, 
how  much  would  the  brakes  be  capable  of  controlling? 


??????????????'>'?, 9  99099999909'>-> 
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Fraa»  9. 


a      .  . 

The  answers  to  tha  quastions  askod  on  Frame  8  are: 
Question  17.    Divide  the  applied  force  (in  pounds)  by  the  area 
of  the  piston  (in  sq.  in.)*    Pressure  is  express- 
ed  in  pounds  per  square  inch  or  PSI. 
Question  18.    5  pounds  per  square  inch,  or  $  PSI. 
Question  19.    8  times  the  horsepower  of  the  vehicle's  engizje*'^ 
Question  20.    225  x  8,  or  1,800  horsepower  of  energy. 


Although  the  lack  of  compressibility  of  most  fluids  is  similar, 
other  properties  of  various  fluids  make  their  use  impractical  in 
brake  systems.    Brake  fluid  must  not  boil,  freeze,  or  evaporate.  It 
must  not  rust  the  steel  lines  and  cylinders.    It  must  not  softer  the 
rubber  or  neoprene  seals  or  flexible  lines.    The  most  reliable  and 
inexpensive  fluid  >^ch  meets  all  of  these  requirements  is  a  mixture 
of  castor  oil  and  alcohol.    The  proportions  used  are  not  critical, 
but  when  the  fluid  is  manufactured  a  50-5^  mixture  is  us^d.^  As  part 
of  the  alcohol  evaporates  the  fluid  thickens  somewhat,  but  this  is 
not  important.    Addition  of  the  regular  mijfture  is  always  made, 
rather  than  trying  to  restore  the  original  balance  by  the  addition 
of  alcohol  only. 


QOESTION  21. 

Hydraulic  brake  fluid  Is  composed  of 


a. 

half  alcohor^and  half  castor  oil. 

9 

• 

9 
• 

b. 

1/3  castor  oil  and  2/3  alcohol. 

9 
• 

9 
« 

c. 

any  rust-proof  liquid. 

9 
* 

d. 

2/3  castor  oil  and  1/3  alcohol. 

777 

?  ?  ? 

????????????????? 

9  99999999999999 
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Frame  10. 


The  answer  to  Qaestion  21  is:  "a"  (Brake  fluid  is  coniposed  of 
(lo^-'castor  oil  and  S0%  alcohol. 


s 


Even  though  other  fluids  possess  most  of  the  qualities  of  hydraulic 
hraXb  fluid  it  is  very  important  to  remember  that  only  the  Bpprcrred 
hydraulic  brake  fluid  be  used  in  a  hydraulic  brake  syst«n.  Other 
fluids  may  work  for  a  while  but  all  hydraulic  brake  system  components 
may  have  to  be  replaced  due  to  deterioration  of  rubber  parts  or  rust 
dmage  to  the  metal  parts. 


QKJESTION  22- 

^,,,,,,,,,^9,79^9???????????????????? 


Why  is  it  30  important  to  use  only  the  approved  Hydraulic  Brake 
?  Fluid  in  a  hydraulic  brake  system? 


9 


'>0-?'?<?9'>99999000?7??77??????????????? 
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Thm  mmimT  to  QuMtion  22  Is:  Ottwr  fluids  may  danace  nibb«r  or 
mat«l  parts  of  the  hydraulic  brake  systom  (or  words  to  that  effect) . 


Any  systflRl  la  compoaed  of  a  number  of  units  or  '^ccmponenta."  Whil'e 
each  of  the  conponents  of  the  hydraulic  brake  system  has  a  number  of 
parts,  we  only  ccaaider  the  entire  unit.    The  major  coiqjonents  of  the 
hydraulic  brake  systen  include:    the  master  cylinder,  a  wheel  cylinder 
for  each  wheel  on  the  vehicle,  brake  druma*  and  shoes,  along  with  both 
solid  and  flexible  brake  lines  to  connect  all  the  'components  into  a 
closed  system. 


QUESTION  23. 

????????????????????????????????????? 

?     Which  of  the  following  statements  li»ts  the  major  components  of  the  ? 

hydraulic  brake  syetem? 
?  ? 

a.    Master  cylinder,  wheel  cylinders,  brake  druma,  brake  shoes, 
?  hydraulic  fluid.  ? 

?        b.    Brake  drums,  brake  shoes,  backing  plate,  return  springs,  wheel? 
cylinders . 

?  ? 

c.    Master  cylinder,  wheel  cylinders,  drums  and  shoes,  solid  and 
?  flexible  lines.  ? 

?         d.    Master  cylinder,  wheel  cylinders,  drums  and  shoes,  and  park-  ? 
ing  brakes. 


1  i 


Fram«  12. 


The  ansirer  to  question  23  is:  (c) 


These  coo^cnenta  are  essential  to 
fom  a  system.    Any  additional  \inits  - 
are  either  refinements  or  part  of 
those  listed. 


A  typical  vehicle  hydraulic  system  is  illustrated  below.    A  similar 
Illustration  is  in  your  Response  Booklet  .shown  as  item  24.    Label  all 
the  cooiDonents  as  they  appear  in  the  illustration  below. 


0 


FaO!IT 
FLEX  LINE 


BRAKE 
BLEED 
SCREW 


BRAKE  PEDAL 
-MASTER  CUINDER 

BRAKE  LINES  ( STEa) 
WHEEL  CYLINDER 


BRAJCE  ADJUSTING 
SCREW  AND  CAM 


BRAKE  DJ5JH 


BRAKE  SHOE 
AND  LDUNG 


' ) 
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Fran*  13* 


Of  th*  o«ipon«t«  UsUd,  tbm  first  ii  the  masUr  cyllnd•^,^  shonn 
in  the  figure  below.    The  maflter  cylinder  provides  poner  to  op*rete 
the  brekerby  cornrertiag  «ech«flical  force  into  hydraulic  pressures. 
In  addition,  to  pro^de  the  poiier  to  operate  the  brakes,  the  Master 
CTlinSr  contains  the  fluid  reservoir  for  the  hydraulic  brake  systsm 
(3) ,    This  unit  is  ususlly  mounted  on  the  firwmll  for  ja«y  access 
(1)    and  may  also  contain  the  stoplight  switch  (2),  as  in  the  example 
ahoin  in  the  illustration.    This  is  not  a  fixed  nils,  however.  The 
atopUght  switch  may  be  located  in  any  conveniont  place  on  the 
vehicle. 


HDUNTING  FUNGE- 

(1) 


A  similar  illustration  is  shown  in  your  Response  Booklet  on  page  2 
Locate  the  fluid  reservoir,  firewall  mounting  flange,  and  the  stopUgJ.t 
switch.    Write  the  names  in  the  corresponding  nunfcered  spaces  m  the 
Response  Booklet .  ^  .   ■ —  ■  


QUESTIC3N  25. 

What  unit  of  the  vehicle  hydraulic  system  is  illustrated  above?  (Wrice^ 
'  your  answer  on  the  bottom  of  page  2  in  the  Response  Booklet.) 

???????????????????????•••   —  •••**•••* 


I  3 


Frame  lii. 


The  answer  to  question  25  la:    Master  Cylinder. 


The  master  cylinder  is  the  heart  of  6e  hydraulic  brake  syst«i. 
If  some  other  part  of  the  system  fails  there  may  be  some  braking 
action  remaining,  but  if  the  master  cylinder  fails  the  entire  brake 
system  fails.    A  defective  master  cylinder  may  be  replaced  with  a 
serviceable  unit,  or  it  may  be  repaired.    Repair  consists  of  removal 
from  the  vehicle,  disassembly,  reconditioning  of  the  cylinder  by 
honing,  replacement  of  all  internal  parts,  assembly,  installation  and 
testing. 


QUESTION  2^ 

?????????????????????'???9'?'?9'?9'?'?99->'?'? 

?  Which  of  the  following  statements  are  cornrect?  ? 

?         a.    A  defective  master  cylinder  must  be  discarded.  ? 

?         t.    Master  cylinders  r.iay  be  replaced  or  repaired  locally.  ? 

?         c.    Repair  includes  replacement  of  all  internal  parts.  ? 

?         d.    The  atopli^t  switch  can  be  mounted  in  any  convenient  place.  ? 

?????  ,?????????????9'?r>9'?Y9990'?O9'79O09 
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FraM  IS. 


The  answer  to  questicm  ist    b. ,  c . ,  and  d. 


The  accanpanying  figure  illustrates  how  the  master  cylinder  trans - 
forma  mechanical  energy  into  hydraulic  pressure.    Force  applied  to  the 
brake  pe<Ul  actuates  the  piston  in  the  master  cylinder,  ^Aich  atten5)t8 
to  ccnpress  the  brake  fluid  in  the  cylinder.    Since  we  know  that 
fluids  cannot  be  corapresaed  under  ordinary  pressures,  the  resistance 
of  the  fluid  to  the  mechanical  action  of  the  piston  creates  pressure 
in  the  fluid.    Within  reasonable  limits,  the  more  force  that  is  ap- 
plied to  the  brake  pedal,  the  more  the  pressure  that  is  created  tn 
the  cylinder. 


BRAKE  PEDAL 


QUESTIONS    27  and  28. 


27.    Which  of  the  following  statements  is  true? 

a.    "Hie  foot  pedal  acts  through  linkage  to  compress  the 
fluid  in  the  master  cylinder. 

The  greater  the  force  applied  to  the  foot  pedal,  the 
greater  the  pressure  in  the  master  cylinder. 


28.    What  is  the  purpose  of  the  master  cylinder? 


Fran©  16. 


The  answers  to  questions  on  Fra/ae  15  are: 

28.    convert  mechanical  energy  into  hydraulic  pressure. 


Next  on  our  list  of  major  conponents  are  the  wheel  cylinders  (B), 
They  contain  some  of  the  same  parts  as  the  master  cylinder,  but  they 
transform  hydraulic  pressure  into  mechanical  energy.    In  the  figure 
below,  note  that  fluid  enters  the  cylinder  at  fitting  A,  and  forces 
the  pistons  outward. 


RJBBER  CUPS 


LaDel  eacfi  part  of  the  illustration  shf^n  as  iten  28  in  your 
Kespcnse  Bc^oyilet.      Iht^n,   answer  OuestiorLR   J9  and    I'.)  belcr^'. 


qUEGTIONS    29  and  3O, 

99'?'>'>77777'>'>'[  7'?'?77797'?777'>7977777'^777 

?      29*    Study  the  figure  above  clogely^    Is  this  %  single-acting  ? 

cylinder  or  a  double-acting  cylinder?  Why? 
?  ? 
30.    What  is  the  pur,')ose  of  the  wheel  cylinders. 


i  t: 


FrwM  17. 


The  Answers  to  questions  on  Frsne  l6  are: 

29.  a.    double-acting  cylinder, 
b.    there  are  two  pistons. 

NOTE:    If  you  answered  this  question  correctly,  you  are  to 

be  congratulated  I    There  vma  no  mention  of  single-  or 
double-acting  cylinders,  but  you  did  some  creative 
thinking  and  followed  throu^. 

30.  Convert  hydraulic  pressure  into  mechanical  energy. 


Brake  drums  are  constructed  of 
cast  iron,  pressed  steel,  or  both. 
In  the  latter  case  the  pressed 
steel  shell  is  used  for  strength 
with  a  cast  iron  liner  to  help 
dissipate  the  heat  generated  by 
braking  action.    Some  of  the 
heavy  passenger  cars  have  alujn- 
iniim  fins  fitted  to  the  outside  of 
the  drums  to  aid  in  cooling,  since 
aluminum  dissipates  heat  faster 
than  steel  or  cast  iron.  Front 
brake  drums  are  a  part  of  the 
wheel  hub  and  contain  the  wheel 
bearings.    Rear  brake  drums  have 
no  support  function  and  merely 
slip  over  the  hub  of  the  rear 
axle. 


quESTicJN  31 

;;*.•♦**«*  *** 

?      In  the  figure  above,  is  depicted  a  brake  drum.    Fran  the  iivC'onnation 
given,  this  is  a  (front)  (rear)  drum.    (Write  your  answer  iir  the  space 
?  provided. )  ' 
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Frame  15 • 


^^^e  answer  to  Question  31  la:  (rear)* 

Thi3  i3  a  rear  brake  drum  since  it  does  not  contain  the  wheel  hub. 


Brake  shoes  press  the  lining  against  the  brake  drun.  creating  the 
necessary  friction  with  the  drums  to  stop  the  vehicle  (A)^    They  come 
in  pairs;  one  pair  for  each  wheel  (B) .    The  shoes  are  constructed 
from  flat  steel  stock  that  is  shaped  and  welded.    Each  steel  shoe  is 
covered,  on  the  outer  curve,  with  a  fiber  lining*    Eiarly  brake  lining 
was  woven  (C)  but  now  all  vehicles  are  equipped  with' molded  lining  (D). 
This  change  came  about  because  the  molded  Joining  proved  to  wear  much 
longer,  especially  under  the  increased  deniands  of  heavier,  more  power- 
ful vehicles •    Note  that  the  molded  lining  has  holes  to  receive  the 
rivets  used  to  secure  the  lining  to  the  brake  shoe.     Item  31  In  your 
Response  Booklet  shows  this  same  illustration.     Label  the  parts  as  in 
this  illustration  in  the  booklet.     Tnen,  answer  the  questions  found 
below  cne  illustration  on  vour  Response  Booklet. 


FraM  19. 


The  answer  to  32  ia; 


The  answer  to  33  is: 


to  press  the  lining  against  the  rotating 
brake  drun  to  ersata  the  f  rictlcn  necessary 
to  stop  th»  vrtiirle  (in  other  words,  to 
trananit  the  mechanical  energy  from  the 
wheel  cylinder  to  the  brake  drum. 

Brake  lining,  brake  drum. 


The  answer  to  3U  is:    Woven,  molded. 


The  change  from  woven  brake  linings  to  molded  lining  increased  the 
interval  between  adjustments  or  replacements.    Both  types  of  lining 
were  secured  to  the  shoes  with  rivets.    The  useful  thickness  of  the 
lining  was  limited  to  that  portion  which  extended  beyond  the  rivets. 
Particles  of  dirt  lodged  in  the  recesses  of  the  rivet  holes  and  wore 
grooves  in  the  drums.    This  required  that  the  drums  be  turned  on  a  * 
brake  drum  lathe  to  restore  anoothness  to  the  drums. 


quEOTIONS    35   nd  36. 


9  9    9  9 


^,^,^^^9  -^90777777?  ????'???':>???? 


3$.    Select  the  alternative  which  correctly  cortpletes  the  statement  • 
below.  9 

Woven  or  molded  brake  lining  car.  be  used  until  ^ 
^        a      it  is  rfom  down  to  the  brake  shoes, 
b.    the  rivets  are  touching  the  drums. 

36.    Grooved  brake  drums 

a.  must  be  discarded.    * •  '* 

b.  should  be  turned  on  a  lathe. 


<?  ?  •>  •?  0 


7^,0^99999777, ???■>????'?"'? 


o     *^    *^  o 
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Frame  20. 


/ 


-O- 


The  ansvers  to  the  previous  questions  are; 

35.  (b) 

36.  fb) 


Turn  to  page  4  of  your  Response  Booklet.  Read  the  Instructions 
under  item  3T) .     Tlien,  answer  questions  37  l^irough  41. 


In  the  last  franie  we  discussed  tiiming  grooved  brake  drums  on  a 
brake  drum  lathe.    The  special  lathe  used  for  this  purpose  is  shown 
in  the  drawing  belc^- 


CJJESTION  \i2. 


9      The  brake  drain  lathe  is'^ased  to  % 

a.  restore  the  drum  to  its  original  thic/kness.V 

? 

b.  renove  grooves  from  the  drum. 


9 
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Trmm  21. 


The 

answer 

to  Question  37  is: 

D 

ruiswer  cyj. i  nner. 

The 

answer 

to  Question  36  is: 

c 

Wheel  cylinder. 

The 

answer 

to  Question  39  is: 

D 

Brake  shoe. 

The 

answer 

to  Question  UO  Is: 

A 

Brake  drums. 

The 

answer 

to  QuestlcBi  Ul  is: 

E 

Brake  lining. 

The  answer  to  Question  U2  is: 


(b)    The  brake  drum  lathe  is  used 
to  remove  grooves  from  the 
drum. 


The  next  significant  change  in  brake  lining  was  not  in  the  lining 
itself,  but  in  the  method  of  attachment  to  the  brake  shoes.    Since  the 
woven  and  the  first  type  of  molded  linings  were  both  attached  with 
rivets,  the  usefulness  of  the  ^^^Tl^ne  was  limited  to  that  portion  vMch 
extended  beyond  the  rivets.    The  bonding  process  is  accomplished  with 
a  high-stmegth  adhesive  bonder  tape  and  the  applicatian  of  heat. 
Bonded  brake  linings  have  a  distinct  advantage  over  riveted  lining  in 
tiiat  the  full  thickness  of  the  bonded  Unlng  is  available  for  use. 
Also,  because  there  are  no  holes  for  the  dirt  to  lodge  in,  less 
abrasive  action  takes  place  on  the  dntms  and  they  do  not  became 
grooved.    This  eliminates  the  necessity  for  turning  than  on  the  brake 
drum  lathe,  except  in  the  cases  where  heat-waj^Jing  has  caused  the  drum 
to  become  out  of  round. 


gOESTTCW  lr3. 

?     What  is  the  ma-\n  advantage  of  banded  brake  lining  over  riveted  ? 
lining? 

?  ? 
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Frame  22. 


Answer  to  Question  U3' 


Hie  full  thickness  of  the  lining  can  be 
used  before  replacement  is  necessary* 


We  have  already  covered  most  of  the  main  components  of  the  hydrau- 
lic brake  system.    The  master  cylinder,  wheel  cylinders,  brake  drums, 
and  brake  shoes  have  been  covered*    These  units  imist  be  connected  to- 
gether in  order  to  form  a  system,  and  the  connectors  are  called 
hydraulic  brake  lines,  both  solid  and  flexible.    The  solid  lines  are 
made  of  steel  tubing  to  withstand  the  high  pressure  that  is  sometimes 
developed.    IJie  flexible  lines  are  made  of  neoprcne,  reinforced  with 
steel  mesh*    The  figure  below  is  a  composite  drawing  of  a  typical 
hydraulic  brake  systan.    The  drums  are  omitted  in  order  to  show 
greater  detail*    Note  that  a  flexible  line  is  used  from  the  frame 
bracket  to  the  rear  wheels  as  well  as  to  the  front  liieels.    This  is 
necessary  because  of  the  up-and-down  movement  of  the  rear  axle 
assembly, 

FRONT 


HYDRAULIC  HOSES 


HTDRAULIC  LINE 


OaESTION  Uli. 


Pressure  in  the  hydravilic  syatOT  ia 

a.  greatest  at  the  master  cylinder.  , 

b.  greatest  at  the  wheel  cylinder. 

c.  greatest  in  the  lines  since  they  are  the  smallest  in  diameter.^ 

d.  equal  throughout  the  system; 


? 


????????????????????????????????????? 
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23. 


'I  • 

The  anawBr  to  queatiexi  hk  ia: 


(d)    Prossura  In  thtt  hydraulic 
sjstan  is  equal  throighout 
the  systan. 


Our  hytiraulic  brake  system  has  now  been  assenbled  and  connected 
with  solid  and  flexible  lines.    We  now  add  hydraulic  brake  fluid 
(5058  castor  olJ.  -  50^  alcohol),  remove  any  residual  air  from  the 
system,  check  for  leaks,  and  we  are  in  business.    The  pf^ess  of  re- 
moving air  from  the  brake  system  is  called  "bleeding"  wid  imxst  be  ac- 
complished when  any  of  the  components  of  the  system  are  changed, 
when  a  leak  develops,  or  when  the  fluid  level  in  the  master  cylinder 
gets  low  enough  for  air  to  enter  the  system.    Remember,  fluid  cannot 
be  compressed  but  air  can  be;  and  a  bubble  of  air  aur  place  in  the 
system  will  cushion  the  pressure  applied  to  the  brake  pedal.  For 
this  reason,  all  air  mxist  be  elljnlnated  from  the  brake  system  to  in- 
sure positive  braking  action. 


QUESTIONS    U5,  U6,  and  U7. 


7 


h$.    What  i3  the  composition  of  hydraulic  brake  fluid? 
U6.    What  does  bleeding  of  the  brakes  accomplish? 
Ii7.    :*hy  must  brake  systems  be  bled?  ^ 

????????????????????"??•••••-•"•■•••• 
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Praflke  2U. 


O  ■ 

The  answrsi  to  queations  aaked  on  Frame  23  are: 

5oi  castor  oil  -  alcohol. 
U6.    Bleeding  removes  all  air  from  the  system. 
U7.    Brakes  must  be  bled  to  insure  positive  braking  action. 


The  picture  to  the  right 
shows  a  typicaD.  brake  bleeding 
arrangement.    A  clean  glass  Jar 
(a) ,  a  short  length  of  rubber 
or  neoprene  hose  ( B) ,  and  a 
fitting  to  screw  into  the 
bleeder  valve  (C) ,  are  the 
only  materials  required.  To 
bleed  the  brakes:  (l)  attach 
the  hose  to  the  bleeder  valve; 
(2)  check  the  master  cylinder 
reservoir  to  make  sure  that  it 
is  full  of  fluid;  (3)  insert 
the  loose  end  of  the  bleeder 
hose  into  the  glass  jar  so  that 
the  end  is  submerged  in  the 
fluid  (D);  (U)  have  another 
person  apply  pressure  to  the 
brake  pedal;  (?)  using  a  box- 
end  or  open-end  wrench,  loosen 
the  bleed  valve  and  allow  fluid 
to  flow  into  the  jar;  (6)  close 
the  bleed  valve  and  tell  your 
helper  to  release  the  brake  pedal 
(this  prevents  air  from  being 
drawn  in  while  the  valve  is  open) . 
Repeat  this  procedure,  until  all 
bubbles  stop  coming"  from  the  hose. 


FrsM  2$. 


Uhaa  all  of  th«  tir  haa  b«  bled  from  «•  brakf ,  rspeat  the  pro- 
cedure  for  all  other  brmkea  on  that,  vehicle.    Since  eech  wheel  cylin- 
der is  at  the  «d  of  a  brake  line  t&e  only  W  to  insure  ccnplete^re- 
noval  of  all  of  the  air  is  to  bleed  each  brake.    Hake  sure  that  the 
bleeder  valve  is  closed  before  the  brake  ped*!  is  released  each  time, 
and  make  sure  that  the  master  cylinder  reservoir  is  kept  full. 


QUESTIONS   U8  and  U9.  \ 

9  o  7        o  9  9  ->  7  •>??????????????????????  •? 


k8.    Why  mst  the  bleeder  valve  be  closed  before  the  brake  pedal  ^ 
?  is  released? 

?        U9.    Why  must  each  wneel  bo  bled? 

.??????????????????????•??  ^  ' 
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9 

The  answers  to  the  questions  on  Frame  2^  aim 


U8.  To  prevent  air  frcn  entering  through  the  open  bleeder  valve. 
k9'    Because  each  wheel  cylinder  is  at  the  end  of  a  brake  line. 


With  the  addition  of  hydraulic  brake  fluid  and  the  removal  of  air 
from  the  system  by  bleeding  each  of  the  wheel  cylinders,  we  now  have 
a  complete  brake  system  ready  to  function.    We  have  already  determined 
that  force  may  be  transmitted  through  fluid  in  a  closed  systm.  It 
follows,  then,  that  movement  of  the  piston  in  the  master  cylinder, 
caused  by  pushing  the  brake  pedal  will  create  movonent  of  the  pistons 
in  the  wheel  cylinders.    Remember,  fluid  cannot  be  compressed  under 
ordinary  pressures  so  there  is  no  lost  motion  In  a  fluid-filled 
system. 


QUESTION  So, 

Indicate  which  of  the  following  statements  ajre  correct.  ? 

^         a-    Movement  of  the  pistons  in  the  wheel  cylinders  is  caused  Ir/  ^ 
compression  of  the  brake  fluid. 

?        b-    Movement  of  the  piston  in  the  master  cylinder  cause'?,  the  ? 
pistons  In  the  wheel  cylinders  to  move. 

? 

c.  Force  may  be  transmitted  through  fluid  in  a  closed  systan. 

d.  Depressing  the  brake  pedal  forcesfluid  into  the  reservoir* 
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Pressure,  in  pounds  per  square  inch,  is  equal  throu^out  a  closed 
s7st«mT  If  movenant  of  the  piston  in  the  master  cylinder  creates 
movement  of  the  pistons  in  the  uheel  cylinders,  the  amouiit  of  fluid 
displaced  in  the  master  cylinder  must  be  divided  among  the  number  of 
wheel  cylinders  on  the  vehicle.    Thus,  if  aU  the  cylinders  are  of 
the  same  diameter  aid  the  vehicle  has  four  wheels,  each  wheel  cylin- 
der will  receive  \  of  the  fluid  displaced  from  the  {naster  cylinder. 
If  each  wheel  cylinder  has  two  pistons,  that  is,  if  they  are  doiljle- 
acting  cylinders,  the  individu^  wheel  cylinder  pistons  will  only 
move  1/8  of  the  distance  traveled  by  the  piston  in  the  master  cylin- 
der. 


QUESTIONS    51,  $2,  53,  and  $U. 

????????????????????????????????????? 


?     In  all  of  the  following  problems  we  are  assuming  that  the  diameter 
of  all  cylinders  is  the  same. 

51-    U"wheel  single-acting  master  cylinder  moves  2  inches* 
?  Wheel  cylinders  move  * 

?        52*    U"Wheel,  double-acting  master  cylinder  moves  2  inches. 
Wheel  cylinders  move  ^ 

$3*    6-\rtieel,  double-acting  maater  cylinder  moves  3  inches. 
?  Wheel  cylinders  move  • 

?        $U.    U*wheel,  doxible-acting  master  cylinder  moves  3  inches. 
Wheel  cylinders  move   * 


?????????7???????????????????????????  * 
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Frame  28. 


0. 

The  answere  to  the  qaeatlons  asked  on  f)rame  27  are: 

51.  2  inches  divided  by  U  (for  U  wheels)  -  1/2  inch. 

52.  2  inches  divided  by  U  (for  U  ^eels)  •  1/2  inch,  w)iich 
divided  by  2  (double-acting)  •  1/U  inch.  ^-V 

53.  3  inches  divided  by  6  (for  6  wheels)  -  V2  inch,  which 
divided  by  2  (double-acting)  «  lA  Inch. 

5a.      3  inches  divided  by  U  (for  U  \Aeels)  -  }/%  inch,  which 
divided  by  2  (double-acting)  -  3/8  inch. 


The  exercise  Just  completed  in  the  previous  fra^e  was  not  intended 
as  an  arithmetic  drill.    It  was  designed  to^show-how  a  anall  increase 
in  tlie  clearance  between  the  brake  shoe  and  the  brtke  drum  would 
nmltiply  by  ki  8|  or  ev«n  12  times  the  necessary  travel,  of  the  piston 
in  the  master  cylinder.    Nomal  wear  on  the  brake  lining  makes  adjust- 
ment of  the  clearance  between  the  shoe  and  drum  necessary.    "Riere  is 
no  set  time  or  mileage  involved  since  some  vehicles  are  driven  for 
long  distances  in  open  country  with  little  deoiand  placed  on  the 
brakes,  while  others,  such  as  taxicabs,  are  driven  almost  exclusively 
In  traffic  with  much  brake  usage  per  mile  traveled.    Brake  shoes 
should  be  adjusted  when  the  brake  pedal  can  be  pushed  to  within  three 
inches  of  the  floor. 


QUESTICfN  55. 

????????????????  ???????  ??{????  ???????'? 

\ 

?     Which  of  the  statements  below  are  correct?  ^ 


0 

* 


a.    Brake  shoes  should  be  adjusted  every  10,000  miles. 

^   b.    Brak^  shoes  are  adjusted  as  normal  wear  decreases  the  thick*  ? 
nes9,of  the  lining. 

c.  Brakes  are  adjusted  t^en  the  brake  pedal  can  be  pushed  to 

within  3  inches  of  the  floor, 
?      ^  ? 

d.  All  vehicles  weair  out  their  brakes  at  about  the  same  rate. 


29. 


The  Answers  to  Question  $5  are:    b.  and  c. 

■ 

In  all  l^xJrauiic  brake  systems,  the  shoes  are  held  agaHst  the 
drums  by  pr^sure  in  the  system.    The  shoes  are  returned  from  the 
drums  to  their  normal  position  l?y  return  springs.    If  the  piressure 
is  not  allowed  td  bleed  off,  the  springs  cannot  return  the  shoes 
to  their  normal  -poisition.    To  insure  the'  release  of  hydraulic  pres- 
sure, the  brake  pedal  is  adjusted  for  "free  travel."    If  there  is 
no  free  travel  in  the  pedal,  the  pistcn  inanLde  the  master  cylinder 
has  not  ret^lmed^and  there  is  fluid  trapped  in  the  system,  causing 
pressure. 


QUESTION  56. 

9'>9    799?9'?'7  7'?????????????????????????? 

f 

Which  of  the  statements  below  is  correct? 

?        »a.    The  return  springs  are  strong  enough  to  crvercome "  the  trapped  ? 
fluid. 

♦ 

b.*    The  brake  lining  will  soon  war  off  enough  to  provide  a 
?  clearance . 

?         c.    The  brake  pedal  miat  have  free  travel  to  release  the  hydraulic? 

pressure.  ^ 

d.    ICIcking  the  pedal  several  times  will  release  the  pressure. 


9    9    9    9  9 


0999999'>'>79'?    r>'?9  ??? 


f 


Pi.  ■ 


Frame  30. 


■  -  / 

^^^^  answer  to  Question  56  is: 

(c)    The  brake  pedal  must  have  Tree 

travel  to  release  the  hydraulic 

pressure. 

To  insure  complf  °^  return 
of  the  piston  in  the 
master  cylinder,  the  brake 
pedal  niust  be  adjusted  for 
free  trav^.    As  shown  in 
the  pictui^  at  the  right,  , 
the  adjustment  is  Jtiade  inl 
the  master  cylinder  push  rod 
linkage.    To  test  for  free 
travel,  use  light  finger 
pressure  on  the  brake  pedal. 
There  should  be  ^t  least  ; 
1/2  inch  travel  of  the  brake 
pedal  before  resistance  is 
f    t. . 


FFIEE  TRAVEL 


QUESTION  $7. 

^     Which  of  the  statements  below  is. correct?  - 

«  Free  travel  is  adjusted  on  the  pedal*  9 

b.    Free  travel  should  be  at  least  1/2  Inch.' 

?  *  •  ? 

•  c.    Free  travel  should  be  at  least  2"  -  '  * 

?         d.    Adjustment  is  on  the  push  rod  linkage  <^f  the  master  cylinder.  ? 

«r»o979    70    9    79  ??????''?? 
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Pram©  31' 


The  last  part  of  the  brake  systcR  that  ne  will  study  with  thia 
program  is  the  paridng  brake.    Most  vehicles  utilize  the  brake  shoes 
and  drums  on  the  rear  wheels  for  parking  brakes  as  well  as  service 
brakes.    Since  there  would  be  no  practical  way  of  applying  pressure 
to  the  hydraulic  system,  the  parking  brakes  are  actuated  mechanically. 


QUESTION  58.  • 

,,^,,,7^,77977??????????????????????? 

?  Which  of  the  statements  below  is  correct?  ? 
?  ~  a.  Pa rking- brakes  can  be  either  hydraulic  or  mechanical.  ? 
?         b.    Parking  brakes         utilize  some  units  of  the  service  brake  ? 


system. 


9 


9 


Frame  32. 


While  some  parking  brake*  installations 
share  the  rear  brake  shoes  and  dnms 
with  the  service  brakes,  a  means 
of  actuating  them  mechanically 
must  be  devised.    All  modem 
vehicles  use  a  flexible 
cable  which  extends 
through  the  brake 
backing  plate  and 
connects  to  9  lever 
inside  the  brake  - 
assembly.    In  the 
picture  at  the 
right,  the  parking 
brake  cable  (1)  is 
connected  to  the  act- 
uating lever  (2)  which 
moves  the  actuating  rod 
( 3)  when  the  hand  brake 
is  applied.    The  actuating 
lever  pushes  the  secondary 
shoe  against  the  drum,  and  tne  rod 
pushes  the  primary  shoe  ag3in5t  the  drum* 


QU3STICN 


?     Which  of  the  statements  below  are  true? 
9         a*    Parking  brakes  are  cable  actuated* 

b.  The  springs  help  actuate  the  brakes. 

c.  Parkitig  brakes  ar^  on  all  wheels. 

d.  The  act^Jiating  lever  pushes  on  the  secondary  shoe. 

?????????????????????? 


9    9    9    9    9    9  9 
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Frame  33. 

The  ansver  to  Question  5?  is:    a.  and  d. 


QUESTION  60. 


???????????????????  ^7?7979'??7777799'79 

?     Couid  a  foot-operated  lever  be  substitute^  for  the 
lever  (1)  in  the  illustration  above? 

9 

a.  Yes. 

9 

'  No. 


id-operated  ? 

? 


Fraote  3U. 


The  answsr  to  Question  60  is; 


Tes.     (A  different  arrangement  would 
be  necessary.)  - 


The  figure  at  the  right  is 
a  closer  view  of  the  idler 
leV-er  showing  the  adjustments 
that  can  be  made  ( *) The 
cable  going  forward  to  the 
hand  lever  (or  foot  lever) 
can  also  be  adjusted. 


QUESTION  61. 

^^^,,^,99979977?????'????????????????? 

?     Which  of  the  statements  below  are  correct?  ? 

?        a.    Slack  in  the  cables  to  the  rear  wheels  cannot  be  ranoved.  ? 

b.  The  rear  wheel  cables  can  be  shortened  or  lengthened.  ? 

c.  The  hai>d  brake  cable  must  be  replaced.  ? 
?         d.    An  adjustment  can  be  made  in  the  hand  brake  cable.  ? 

999999999999999^'?7?????07??7????????? 


« 
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While  some  vehicles 
utilize  the  rear  brake 
shoes  and  drums  of  the 
service  brake  system 
for  parking,  there  are 
some  vehicles  iidiich  use 
a  completely  separate 
unit.    It  is  operated 
mechanically  by  a  cable, 
and  the  drum  is  secured  to 
the  propeller  shaft  directly 
behind  the  transmission:  The 
shoes  may  be  either  internal 
expanding,^  as  they  are  in  the 
service  brakes,  or  they  may  be 
external-contracting  as  shovm  in  the 
■figure  to  the  right. 


gaESTION  62. 


->    9    9  9 


9999999. 9    97797??????????    ???  ?????? 


Which  of  the  statements  below  are  correct? 

a.  This  figure  shows  an  internal  expanding  brake. 

b.  This  figure  shows  an  external  contracting  brake 

c.  A.11  parking  brakes  are  mechanical. 

d.  Some  parking  brakes  are  hydraulic. 


7   9    7    9    9    9  9 


????????'??    ???    ???    ???    ?    3  ??? 
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\ 
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QUESTION  63- 

?  The  follcwing  questions  are  a  review  of  the  parking  brake.  ? 


a.  Are  parking  brakes  ever  hydraulically  operated? 

b.  Can  parking  brakes  be  equipped  with  a  foot  pedal? 

c.  Are  parking  brakes  always  on  the  rear  wheels?  _ 

d.  If  not,  where  else  may  they  be  located? 

e.  Are  the  parking  brakes  adjustable?   


f.    Are  "parking  brakes"  and  **hand  brakes"  the  same? 


1 

Th«  aaswra  to  Qaestlon  63  are: 

A  Wnk 

9  •         iiO  • 

# 

D  •      I08 • 

c  •  no* 

e*  Tea. 

r 
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OBJECTIVES 

After  complecmg  this  programraed  text  you  will  be  able  to  arcomplish  the 
following  obiect*'ives  with         acpuracy  .' 

i.      civen  a  list  of  descriptive  statements  and  a  list  of  compontnts, 
n-.utc.-i  tne  uebcrvptive  statement  to  the  proper  component. 

Civen  an  iUustration  of  a  steering  gear  assembly  and  a  list  of 
compcntints  ,  natch  each  component  to  the  correct'  numerical  designation  of  the 
part . 

3.       list  the  types  of  manual  steering  gear  assenblies. 


VALIDATION 

;-.is  Drograinired  text  was  validated  in  1964  by  30  students  enrolled  in  the 
3/uiH.'-.7  V30  course  and  has  proved  to  be  successful  sirce  that  time.     Approxltiate ly 
2.:?0('  i»t:udents  have  been  trained  with   this  text. 

INSTRUCTIONS 

To  correctly  ijse  this  program  you  need  a  response  sheet »  ATC  Form  26, 
a  pen  ur  pencil,  and  a  Student  Notebook. 

Read  the  information  in  each  frame  and  answer  the  qAjestion  or  questions 
fv^liowing  the  frame.     Make  all  of  your  responses  on  the  response  sheet. 
ie  sure  the  nunfcer  on  your  response  sheet  corresponds  to  the  number  of  the 
question  you  are  answering. 

When  you  nave  responded  to  a  question,  check,  your  response  against  the 
rorrt:  t  response.     The  correct  response  is  usually  found  at  the  top  of  the 
page  following  the  question.     If  you  made  an  incorrect  rosponse,   reread  the 
frame  to  see  why. the  correct  response  is  preferable  to  the  one  you  made.     T!ien , 
change  your  response  to  agree  witn  Xne  one  printed  in  the  program. 

T:\ti  Noteoook  is  yours  to  keep.     Be  sure  to  fill  it  out  completely  as 
directed  in  the  program. 

When  you  have  completed  the  program,  place  the  response  sheet  in  the 
front  of  the  booklet  and  return  ooth  of  tnem  lo  Che  instructor. 
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I  NT-RODUCTION 

«  _  — '   ^   —   —   —  ^ 

This  prograamed  text  has  been  prepared  to  teach 
you  the  various  types  of  steering  gears  used  in  Air 
Force  vehicles.    Wh,ile  the  purpose  of  all  types  of 
steering  gears  is  the  aame  (multiplying  the  strength 
of  the  driver  and  extending  his  hands  to  the  front 
wheels  of  the  vehicle)  there  are  several  methods  used 
by  the  different  automotive  engineers.    After  you 
complete  this  text,  you  should  know  the  names  of  the 
comt)oncnt8 ,  and^their  relationship  to  each  other  in 
helping  the  driver  to  control  his  vehicle. 


NO  RESPONSE  REQUIRED 


i 


"  There  ire  four  tjrpes  of  manual  steering  gear3.    The  purpose  of  all 
o.f  tne-3e  gears  is  the  same:  to  aid  the  vehicle  operator  in  control- 
ling ^he  mcv-rnent  of  the  front  wheels  of  the  vehicle.    Each  of  the 
f^jir  xypes  of  steering  gears  have  certain  components  in  commcai.  The 
■ :  js*ir-ition  below  shows  these  components. 


STEERING  "v^HEEL 


STEERING 
GEAR  CASE 


STEERING  SHAFT 


CROSS  SHAFT 
PITMXN  Ar?^ 


DRAP  LINK 


KNUCKLE  AIW 


WHEEL  SPINDLE 


STEERING 
KNUCKLE 


Frame 


Studjr  the  drawing  presented  in  Frame  2.    Then,  match  the  descrip- 
tive statemefita  in  Column  a  below  tc  the  list  of  componerfts  in  Column 
Record  voar  answers  in  the  proper  spaces  on  your  response  sheet. 


Column  A 

1.  The  component  that  transfers 
torque  applied  to  the  steering 
wheel  to  the  steering  gear. 

2.  The  compenent  that  connei-ts  the 
steering  gear  to  the  pitJT.-vi  arm. 

3.  The  component  that  atta'Thes  the 
entire  steeiring  mechanism  to  the 
drag  link* 

The  component  attached  to  the 
tie  rod  by.  the  steering  arm. 

5.   'The  (Component  that  is  attached 
to  the  drag  link  by  the  steering 
am  and  cpordinates  movement  of 
both  front  wheels. 


Column  B 

a.  Cross  shaft 

b.  Drag  link 

c.  Pitman  arm 

d.  Steerir^g  shaft 

e.  Tie  rod 


ERIC 


Frame  U. 

Answers  to  previous  quegti dns: 
3. .    C  . 

b. 


I*  ®- 


Use  the  drawing  below  to  assist  you,  and  answer  the  questions  on 
the  nert  frame,  .The  numbers  on  the  illustration  below  refer  to  the 
Question  numbers •     '  . 


Frami  5. 


Match  the  descriptive  statements  in  Column  A  to  the  list  of  com- 
ponents in  Colunn^B.    Record  your  answers  in  the  proper  spaces  on 
yoUr  response  sheet.  . 

Colurvn  A 

Coluruv  ij 

6.    The  component  that  transfers 
torque  from  the  steering  wheel  ^ 
to  the  steering  g^ar. 

a. 
b. 

Tie  rod. 
Steering  shaft 

7.  The  con?)onent  that  attaches  the 
s^^erlnf  ffe&i*  \.Q  the  Di^an  aim. 

8,  The  component  that"  connects  the 
entire  steering  mechanism  to  the 
drag  link. 

e. 

Pitman  ann. 
Drag  link. 
•  Cross  shaft. 

9*    The  component  attached  to  the  tlK 
rod  by  the  steering  arm. 

10.    The  component  that  coordinates 
movement  of  both  front  wheels. 

Frame 


Go  to  Page  3  of  your  note  book  and  fill  in  the  blanks  below 
Figure  3  with  the  namea  of  the  components. 


o 

ERIC 


Frame  .8 , 


 ^\ 

I 


our  note  booH.._ entry  should  look  like  this: 


22 


a.  Steering  wheel. 

b.  Steering  shaft. 

c.  ^^teering  g^ar. 

> 

»d.    Cross  shaft. 


e*     r'itman  am. 
f.     Drag  link.  , 
Tie  rod- 


Make  any  oorrections  necessary  in  your  note  book,  thlh  proceed  to 
thft  nex^  frane. 


Oo  to  Page  U  of  your  note  book  and  complete  items  2. a.  through 
2,g     (NotT    Itenui  2.a.  and  2.g.  ar«  alreacjy  c«npletad.) 
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;2. 


Frame  10. 


Your  note  book  entries  should  look  like  theae; 


s  .0, 


2.d. 


The  component  that  transfers  steering  wheel  torque  to  the 
steering  gear  is  the  steering  shaft* 

The  component  that  connects  the  steering  gear  to  the  pitman 
arm  is  the  cross  shaft. 

The  component  that  attaches  the  steering  gear  mechanism  to 
the  drag  link  is  the  pitman  am. 

The  component  attached  to  the  tie  rod  by  the  steering  arm 
is  the  drag  lirjc>  V 

The  component  attached  to  the  drag  link  by  the  steering  arm 
that  coordinates  movement  of  both  front  vAieels  is  the 
tie  rod. 


Make  any  corrections  necessary  in  your  note  book,  then  go  to  the 
next  frame* 


erJc  ' 


4 


Trm%  11.- 


Tha  illustration  below  shova  one  of  the  types  of  steering  gears* 
This  type  is  known  as  l^e  "worm  and  sector"  steering  gear.  Locate 
the  worm  gear  and  t^e  sector  ge&r  in  the  illaatratidn. 


SECTOR  aaiR 


As  the  steering  wheel  is  turned,  the  wonrj  gear  al  the  end  of  the 
steering  shaft  turns.    Since  this  is  a  spiral-type  gear,  the  sector 
gear  works  "up"  or  "down"  the  worm  gear  as  the  worn  gear  turns.  As 
the  sector  gear  moves,  it  causes  the  pitjnan  arm,  through  the  cross 
shaft,  to  force  the  drag  link  to  the  left  or  right,  turning  the 
front  wheels. 

Go  on  to  the  next  frame. 
-   ■  ., 


The  numbers  11  thrcjugh  15  Identify  components  of  the  worm  and 
sector  steering  gear  assembly.    From  the  list  at  the  lower  loft, 
select  the  component  identified  by  each  number  and  record  your  answer 
in  the  proper  spaces  on  your  response  sheet. 


a.  Cross  shaft. 

b.  Pitman  arm. 

c.  Sector  gear. 

d.  Steering  shaft 

e.  Wonn  gear. 


Frame  13. 


Turn  to  Page  Ix  of  your  note  book  and  conplata  itam  3>a.,  then  go 
to  Figure  U,  Page  5,  and  identify  the  components  of  the  worm  and 
sector  steering  gear  indicated  by  each  arrov.    Write  the  name  of  the 
components  indicated  in  the  appropriate  space  below  the  figure.  After 
you  have  done  this,  go  on  to  the  next  page  of  this  program. 


Frame,  lii. 

Answers  tp  Frame  12: 

11.  d. 

12.  e. 
13-  c. 
lU.  a. 
1$.  b. 


-( 


Figure  li  in  your  note  boi>k  shoulc*  have  the  components  labeled  as 
shown  below: 


a.  Steeririg  shaft 

b.  Worm  gear. 

c.  Sector  gear. 

d.  Cross  shaft. 

e.  Pitman  arm. 


Make  any  changes  necessary  in  your  note  book,  then  go  on  *.o  the 
..cxt  frame. 
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The  illuatration  below  shows  another  type  of  steering  gear.  This 
type  is  known  as  the  "worm  and  roller."    Locate  the  worm  gear  and  the 
roller  in  the  illustration  below. 


STEERING  SHAFT 


VOfM  QEAR 


PITMAN  km 


CROSS  SHAFT 


As  the  steering-wheel  is  turned,  the  worm  gear  turns  and  causes 
roller  to  move  up  or  down  the  worm  gear  much  in  the  same  manner  as 
sector  gear  moves  up  and  down  the  wc^m  geer  in  the  worm  and  sector 
type.  As  the  roller  moves  along  the  worn  gear,  the  pitman  arm  is 
forced,  through  the  cross  shaft,  to  move,  causing  the  drag  link  to 
turn  the  vehicle  wheels  to  the  left  or  right. 

Go  cn  to  the  next  frame. 


Frame  16. 


'The  numbers  16  through  20  in  the  illustration  b^low  indicate, 
components  of  the  worm  and  roller  steering  ge*r  assembly.    ?ron  the 
list  at  the  lower  left,  select  the  cor?)onent  identified  by  e»ch  number 
and  record  your  choice  in  the  proper  space  on  your  response  sheet. 

a*    Cross  shaft. 

b.  -  Pitman  arm. 

c.  Roller. 

d.  Steering  shaft.  1^^^^  y — 17. 

e.  Worm  gear. 


Fr,ame  17. 


> 


Turn  to  Figure  5,  Page       of  youivnote  ^°°^,^^^?«?^Vthe 
oonants  of  the  worm  and  roller  steering  ge^  as 

ar?^'5  Wrtte  the  name  of  the  part  in  the  apace  below  the  drawxng. 
t^te  n^book  item  3.b.  on  Page  U.  After  you  have  done  all  of 
this,  go  on  to  the  nert  frame  in  this  program. 


Frame  18. 

Answers  to  Frame  l6: 
16, 


17. 
18. 

19. 


e. 
c . 
a. 


20.  b. 


Figure  5  in  your  note  book:  should  have  the  corriponents  labeled  as 
shown  below. 


A.  Steering  shaf*.- 

3.  %'orm  gear, 

C.  Roller. 

D.  Cross  shaft. 


E.    Pitman  arm. 


Make  the  changes  as  necessary  in  your  note  book,  then  refer  to  t^e 
next  frame* 
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Frame  19. 


The  illustration  below  shows  yet  another  type  of  steering  gear. 
This  type  is  taiown  as  the  "recirculating  ball."    Study  the  illustra- 
tion below. 


STEERING  SHAFT 


RECIHCUIATING  BALLS 


^Om  GEAR 


PITMAN  ARM 


X)S5  SHAFT 


BJlAfilNG  ADJUSTING  ^JUT 


As 'the  steering  shaft  turns,  the  balls  are  forced  around  the  worm  ^ 
gear,  turning  the  cross  shaft.    The  crass  shaft  causes  the  pitman  arm 
to  move  the  drag  link,  turning  the  -wheels.    This  type  of  steering 
gear  has  an  adjusting  nut  to  pre-load  the  worm  gear  hearings. 

Proceed  to  the  next  frane. 


.^1 
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Frame  20, 


• 


The  numbers  21  through  25  in  the  illustration  below  identifV  com- 
ponents of  the  recirculating  ball  steering  gear  a^sem^bly.    From  the 
list  to  the  left,  select  the  component  identified  by  fljach  number  and 
record  your  choices  in  the  proper  spaces  on  the  response  sheet. 

a.  Bearing  adjusting  nut. 

b.  Cross  shaft. 

c.  Pitman  ann. 

d.  Recirculating  balls. 

e.  Worm  gear. 


23. 


.7/ 
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AH 

Frame  21. 


^  :    .  ■  ■ 

Turn  to  Figure  6  on  Page  7  of  ypur  note  boo^  and  identify  the  co«n- 
poneats  of  the  recirculating  ball  ^steering  g^r  indicated  by  arrowa 
by  writing  in  the  name  of  the  part  below  the  drawing.    Complete  item 
3.C.  on  Page  h  of  your  note  book  and  then  go  on  to  the  next  frame  of 


this  program. 


J' 


i 


Frame  22. 

Answers  for  Frame  20. 


21. 

6  ♦ 

22. 

d. 

23. 

a. 

2li. 

h. 

25. 

Figure  6  in  your  note  bookNshould  have  the  con^onents  labeled  as 
5hown  below.  .  -  \. 

a.  Worm  gear* 

b.  Recirculating  balls. 

c.  Bearing  adjusting  nut. 


Fr-.  23^<^^ 


The  illustration  below  showa  the  fourth  type  of  manual  steering 
gear/  This  type  is  known  as  the  *'ca«  and  lever"  steering  gear.  Lo- 
cate the  cam  and  the  lever  in  the  illustration  below. 


STEERINO  SHAFT 


CROSS  SOITT 


TAPERED 
STUDS 


PITMAN  ARM 


As  the  steering  wheel  and  the  steering  column  shaft  turn,  the  cam 
rotates  causing  the  tapered  studs  to  move  up  and  down  the  cam.  Move- 
ment of  the  studs  forces  the  lever  to  move.    The  cross  shaft,  linked 
to  the  lever  and  to  the  pitman  arm,  causes  the  pitman  arm  t-o  move  the 
drag  link  to  the  left  or  to  the  right,  turning  the  vehicle's  front 
wheels. 

Go  on  to  the  next  frame. 


Frame  2U. 


Numbers  26  through  30  in  the  illustration  below  indicate  components 
of  the  cam  and  lever  steering  gear  assembly.    From  the  list  at  the 
left,  select  the  component  identified  by  each  number  and  record  your 
choices  in  the  proper  spaces  on  the  response  sheet. 


VL^am. 


Cross  shaft. 


c.  I^ver, 


d.     Pitman  arm. 


e.     Tapered  studs 


• 


ERIC 


Turn  to  Figure  7  on  Pag«  8  of  your  note  book  and  identify  the  com 
ponente  of  the  cam  and  lever  steering  gear  indicated  by  the  arrows. 
Then,  complete  item  3.d.  on  Page  U.    After  you  have  done  this,  go  on 
to  the  nejct  page  in  this  program. 


Frame  26. 

Answers  to  Frame  2U: 

26.  a. 

27.  b. 
?8.  c. 

29.  e. 

30.  d. 


\ 


Figure  7  in  your  not^  book  should  have  the  componenta  labeled  as 

shown  below: 

I 


d.  Cro33  shaft. 

e.  Pitman  arm. 


Make  any  'changes  necessary  in  your  note  book,  then  go  dn  to  the 
next  frame. 

 ^  


Select  the  correct  answer  to  the  questlcws  below  end  record  your 
choice  in  the  proper  space  on  the  response  aheet. 

QUESTION  31. 

??????????????? 

?  Which  of  the  following  is  noi  *  of  manual  steerin*  gear?  ? 
^        a.    Cam  and  lever.  ? 

b.  Semi -integral.  ^ 

c.  Recirculating  ball. 

f        d.    Worm  and  roller.  ? 

e.    Worm  and  sector.  .  .  ^  «  a  ^ 

???????????????????????•?—  •••'^•••^•^ 

QUESTION  32. 

????????v?????????????????????-^--'^'^ 

?     Which  of  the  conponents  listed  below  transfers  steering  wheel  ? 

torque  to  the  steering  gear?  ^ 

? 

a.  The  cross  shaft. 

b.  The  drag  link. 

?         c.  The"  pitman  arm. 

d.  The  power  steering  unit.  ^ 

e.  The  steering  shaft.  ,„«„«no 

7799'>'>79'?0??7'>??????????7???????????? 

QUESTION  33. 

^   ?     Which  of  the  conponents  listed  below  attache^  the  steering  gear  to 
the  pitman  arm? 

a.  The  cross  shaft. 

b.  The  drag  link. 

:.    The  manual  steering  gear. 
,         i.    The  power  steering  'onit. 

e.'  The  steering  shaft.  V  « 


Fram«  28. 

Answers  to  previous  questions:    }1.    b. ,      32.    e. ,       33-  «• 
QUESTION  3U. 

??????????????????????????????????? 

7  •  Which  of  the  components  listed  below  connects  the  entire  steering 
gear  assembly  to  the  drag  link? 

f 

a.  The  cross  shaft. 

b.  The  pitflian  arm. 

7        c.    The  steering  gear. 

d.  The  steering  shaft. 

e.  The  suspension  mechanism. 

^'?'>o'?'?9'>'?'>7'?70777?7???????????????? 

QUESTION  35- 

,,^^^^,,,,7^077??77?77????????7???? 

?     Which  of  the  components  listed  below  is  connected  to  the  tie  rod 
by  the  steering  arm? 

7 

a.  The  cross  ahaft. 

b.  The  drag  link. 
?         c.    The  pitjnan  arm. 

^         d.    The  steering  gear. 

e.    The  steering  shaft. 
,,-^^9.^-^9999777777077777777777777??'; 

QUESTICN  36. 

?????????????????????????????'???'??' 

?     Which  of  the  following  listed  components  coordinates  movement  of 
both  front  wheels? 

7 

a-    The  cross  shaft. 

o 

b.    The  drag  link. 
?         c.    The  pitjnan  am. 

J.    TiiA  steering  shaft* 


'     '         e.    The  tie  rod 


Prant  29* 


Q'JESTION  37. 


???????????,?????????,,,  7  ,,,,,,,,,,  , 

'  fu^*???  t«low  then  answer  the  question  found  below 

the  illustratioi.  Record  your  choice  in  the  proper  space  on  the 
?  I'esponse  sheet.  «  wie 


7 
0 


.7 

? 

?. 

? 

? 


9 


Which  type  of  steering  gear  is  shown  in  the  above  illustration? 

a.  Cam  and  lever. 

b.  Recirculating  ball. 

c.  Worm  and  roller. 
Worm  and  sector. 


? 

? 

9 


???????????0^'>97-> 


????????'>'>'>070'>0 


Frame  30.* 

Answers  to  Fraina  28: 

35.  b. 

36.  e. 

Answers  to  Frame  29' 


37.    b.  I 

gaESTioN  38. 

?  the  responge  sheet. 


?  • 


7 


■>.       .^ich  type  of  steering  gear  ia  lllustrat«i  .bov,7 

?  a.    Cam  and  lever.  %  ^ 

?  b.     Recirculating  ball- 

•>  c.    Worm  and  roller. 

*? 

?  d.    Worm  and  sector. 

,  ^  „  ,  o      o  9  9  ->  9  •?  ?  ?  ?  ?  ?  ?  ?  ?  ?'?  ? 


O  « 


PraiM  31* 


gWESTION  39. 

^^^^-JO^OO???????????????????????????? 


#  ?     Study  the  illustration  below  then  asaavmf  the  question  Juat  below 

the  Illustration.    Record  your  choice  in  the  proper  space  on  your 
?  respcnae  sheet. 


'•tfhich  type  of  steering  gear  is  illustrated  above? 


a.    Cam  and  lever. 


b.    Recirculating  ball. 


c.  Worm  and  roller. 

?  * 

d.  Worm  and  sector. 


7^-,,,,  ,^^^77777??????  ????????????????? 
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Fram«  32. 

.Answers  to  previous  frames:  ^ 

38.  c. 

39.  a. 

OaESTION  UO. 

?      Study  the  illustration  below,  then  answer  the  question  fcTund  just  ? 

below  the  illustration.    Record  your  choice  iji  the  proper  space  on 
?  the  response  sheet.  ? 


? 
? 


Which  type  of  steering  gear  is  shown 
?  in  the  above  illustration? 

?  a*  Can  and  lever, 

?  b.  Recirculating  ball. 

?  c.  Worm  and  roller. 

?  d.  Worm  and  sector. 


'  Frame 


QUESTIONS  Ul  through  US. 


7  ???????  7  ?  2.  7  7  7  ' 

•>     Identify  the  nunbered  co«ip<ai*nts  In  the  illustration  below  by 

nlacS^e  awropriate  letter  in  the  oorreepondlng  numbered  apace 
?  S         «^*eet.    U,e  the  list  at  the  left  to  supply  »is«rs. 

f 

?     a.    Cross  shaft. 
?     b.    Drag  link. 
?     c.    Pitman  am. 
?     d.    Stoaring  shaft. 
?     e.    Tie  rod. 


1    -  -5 


709777????????? 


79'70'>'?'>'?? 
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General  Purpose  Vehicle  Wenalnnim  Course  ^.  3ABR47W6-PT-^o05 

ChanuteAFB,  Illinois  19  November  1970 

FRAME  ALIGNMENT 

OBJECTIVES 

upon  completion  of  this/ text  you  will  be  able  to  accomplish  the  following 
objectives  with  accuracy. 

1 

i 

1.  Given  four  drawings  that  illustrate  different  alignment  problems  and 
a  list  of  the  four  types  of  alignment  problems,  match  each  drawing  with  the 
proper  type  of  alignment  problem. 

2.  Given  a  list  of  the  four  major  steps  in  the  "Projection  Method"  of 
frame  alignment,  lAbel  then  in  their  proper  sequence. 

3.  Given  a  drawing  showing  a  complete  automobile  frame  and  a  list  of 
fraxe  components,  label  each  component. 

4.  Given  two  drawings  showing  a  knee-back  condition  and  a  shifted  rear 
axle  condition,  label  each  drawing  with  the  correct  condition. 

Validation 

This  Programmed  Text  was  validated  by  students  enrolled  in  the  General 
Purpose  Vehicle  Repairnian  Course  in  1964.     It  has  continued  to  be  successful 
aince  that  time. 


OPR:  T5DT  

DISTRIBUTION:  X 

TSOT  -  600;  TSOC  -  2 


.Designed  for  ATC  Course  Use  Only 


r 


INTRODUCTION 

As  you  probably  know,  a  bent,  twisted >  or  swayed  frame  will  greatly 
effect  the  alignment  of  th*'"  front  whec^^-  and  steering.     Frame  defects  cannot 
be  corrected  with  the  pjortAble  aligner  or  the  Visualiner,     Suspected  frame 
defects  can  be  identified  %ith  a  few  simple  tools  such  as*  a  p^umb^  bob,  a 
level,  a  measuring  tape,  and  a  piece  of  chalk*    The  use  of  the  Cools  to 
determine  frame  defects  is  called  the  "Projection  Method."    Once  the  presence 
of  a  defect  is  determined,  the  vehicle  can  be  sent  to  a  frame  aligning  machine. 


QUESTION  1. 

What  method  of  determining  frame  alignment  are  you  about  to  study? 

 (Write  _vour  answer  in  the  space  provided  on  the  

 answer  she^t  at  the  end  of  this  package,  


You  will  find  the  correct  answer  at  Che  top  of  the  next  page, 


ERIC 


Frame  2    - 

.  :  ^ 

* 

:  You  should  have  the  words  "Projection  Method'*  written  on  the  line 
jprovlded  foi;  item  one  (1)  on  your  answer  sheet* 


Since  this  program «wlll  teach  you  to  check  vehicle  frame  all-gnment,  it 
jwill  be  necessary  for  you  to  know  the  correct  name  of  the  parts.    To  see  if 
p^ou.  already  know^  we  have  provided  a  akecch  (figure  1  )  below,  and  a  list  of 
jthe  correct  names  of  the  parts  of  the  frame.    Make  your  entries  on  the 
[identical  sketch  provided  as  item  2  of  your  answer  sheet. 


Left  side  rail. 
Middle  cross  member. 
Left  frame  horn. 
Front  cross  member. 
Right  side  rail. 
Right  frame  horn. 
Rear  cross  member . 


Figure  1. 


3e  sure  that  you  have  made  vour  own  entries  on  the  worksheet  provided, 

Chen  check  your  answers  against  the  sketch  provided  at  the  top  of  the  next 

pa^e.     If  you  made  any  errors,  look  che  sketch  over  again  lo  firm  up  tne 
corrections  in  your  mind  before  going  further. 


Frame  3 


Item  2  on  your  worksheet  should  look  like 
the  sketch  at  the  left*     If  it  does  not,  you 
have  made  an  error.    Make  the  necessary 
corrections  on  your  answer  sheet  before 
proceeding  further . 


Item  2. 


ERIC  I 


Fr«M  4. 


Basically,  the  frame  of  the  vehicle  poeltlona  the  four  wheels  Ip  a 
true  running  plane,  exactly  parallel  to  the  line  of  travel  when  th<  vehicle 
la  moving  etraight  forward.    The  frame  alao  positions  the  wheels  so  that 
each  front  wheel  is  the  sane  distance  from  the  center  line  ot  the  vehicle  • 
and  each  reat  wheel  is  the  same  distance  from  the  center  line  of  the  vehicle. 
Thus,  it  may  be  said  that  the  vehicle  frame  Iteepa  the  four  wheels  in  their 
proper  relation  to  each  other.    Study  the  drawing  below. 


r 

C 

C 

1 

T 

1 

—A— 

Figure  2, 


QUESTION  3. 


What  keeps  measurements  "A-A/'  and  'X-C  of  the  figure  above  in 

their  proper  relation? 


a.      The  vehicle  frame. 

b»      The  front  and  rear  axles. 


.7  y 
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Frame  5. 

 :  L  .  , 

Choice  "a."    The  vehicle  frame  Iceeps  the  wheels  in  their  proper 
alignment  relationship. 

-     ■     -  1  ....  ^ 


The  drawing  below  is  an  illustration  of  a  vehicle  chassis  with'  the 
frame  out  of  alignment.     Study  the  drawing  and  then  answer  the  question 
below. 


I 


QUESTION  -4 

Wliat  tan  happen  when  the  vehicle  frame  is  out  of  alignment? 

a.  The  tires  will  wear  excessively, 

b.  The  vehicle  will  be  difficult  to  steer. 

c.  Both  choices      and      above  are  correct, 
d*       Neither  choice  a^  nor  b^  are  correct. 

.7'^ 


3^6 


d«tet^nirby'^hor.Mioualy  the  frame  is  out  of  alignment 


18  correct.    Both  coaditlons  will  exist,  the  severity  being 


PROBLEM-    The  vehicle  pulls  to  one  side,  even  on  a  flat  road.    All  suspension 
steering,         TraWe  factors  have  been  checked.    A  frame  alignment  check  is  the 
next  order  of  business. 

When  the  projection  me^d  of  ^^-e  alignment  is  us«^.  ^j)^ 
be  setting  on  a  hard,  fl*at,  level  surface  with  the  front  wheels  in  the 
straight  ahead  position. 

The  first  .tep  in  maWng  th.  frame  .lt8n..nt  check  1.  f,  make  •  P"""^"'^ 
n,el^!rement  witS  a  "Tracking  Gauge."    A  tr.cklnK  «au«.  f,,' 
""light  bar  with  graduations  marked  near  one  end  and  equipped  «ith  a  fixed 

and  movable  pointer. 


^^^^ 


it 




y 


Figure  4. 


QUESTION  5, 


What  is  the  first  ^tep  In  preparing  a  vehicle 
Write  vnur  answer  on  your. answer  sheet 


for  a  frame  alignment  check? 


J 


.7 
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Frame  7 . 


Your  answer  should  be:     *'Make  a  preliminary  check  with  a  tracking  gauge /i 
or  words  to  that  effect.  i 


The  primary  purpose  of  a  tracking- gauge 
is  to  measure  the  wheel  base  of  the  vehicle, 
as  shotm  in  the  illustration  to  the  right. 


,  =1 


u 


Figure  3, 


OUESTIONS  6  and  ^ 


fc.       What  is  the  purpose  of  a  trackinK  eauge ? 


TRUE  or  FALSE.     The  vheel  base  of  3  vehicle  Is  the  distance 

from  the  center  of  the    front  wheel  hub  to 
the  center  of  the  rtar  wlieel  hub. 


J 


6 


3 


—i  


?TW  8. 


6.  Measure  th^^heel  base  cf  the  vehicle. 

7.  TRUE.  / 

 1  


r" 


You  may  have  asked  youtdfelf ,  Is  this  so  important  when  checking  for 

proper  frame  alignment?'*    Well,  the  tracking  gauge  Is  used  to  determine  .the 
need  for  continuing  with  the  frame  alignmejit  check.     Figure  5  (on  the  previous 
frame)  Illustrated  a  frame  which  was  in  proper  alignment*    The  wheel  base 
measurement  was  identical  on  both  sides  of  the  vehicle.    Study  the  drawings 
below  and  then  answer  Question  8. 


QUESTION  8. 


Which  of  the  drawings  in  figure  6  above  indicates  the  need  for  continuing 
the  procedure  for  checking  frame  aiigrinent? 

a*  a. 

b.       b  • 

.7 . 
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Frame  9, 


IJirawing      indicates  that  the  measurement  for  the  left  side  of  the 
vehicle  might  be  normal,  but  the  right  side  measurement  is  shorter •  ^ 


iicie 

\ 


You  may  have  noticed  that  the  pointers  in  figure  6  were  not  lined  up 
the  centers  of  the  wheel  hubs,  but  rather  that  the  pointers  are  aligned 

with  the  outer  edges  of  the  wheel  rim.    Look  at  the  illustration  below  then 

answer  Question  9. 


Figure  7, 


QUESTION  9» 


The  pointers  are  adjusted  to  toucn  the  cuter  portions  of  the  rim  at 

a.  axle  height, 

b.  just  below  the  wheel  hub » 


i 

9 
f 


Drawing     Indicates  that  the  measuremenc  for  the  left  side  of  the 
vehicle  might  be  normal  but  that  the  right  side  Is  shorter* 

+  

 T  :  ^  

'■ ■     II       ■     I    II  ■     Will   Ill      \U   M  ■!      Il^lll^  ^iMlll   ■ 

The  drawing  in  figure  6b  indicates  a  frame  alignment  defect, known  as 
"knee'-back"  which  we  will  discuss  later.    More  important  at  this  moment  is: 
How  was  it  determined  that  the  right  side  wheel  base  was  shorter  than  the  - 
left  side  wheel  base?    Read  the  instructions  accompanying  the  drawings  below 
then  answer  Question  10* 


i 


a .  b .  c  *  d  • 

Figure  8. 

1.  SeL  one  pointer  to  "0''.     (Graduated  end  of  tracking  gauge.) 

2.  Align  both  rear  pointers  to  the  outer  edges  of  rear  wheel  rim  and 
front  pointer  to  the  center  of  the  front  wheel  hub,  and  lock  the 
pointers  in  place.     (Either  side  wheel  base  mny  be  measured  first.) 

3.  Align  the  pointers  to  the  identical  points  of  the  front  end  rear 
wheel  on  the  other  side  of  the  vehicle*  (Reposition  the  pointer 
on  the  graduated  end  if  necessary.) 

4.  If  Che  pointer  on  the  graduated  end  of  l ^e  cracking  gauge  had  to  be 
moved  more  Chan  3/8-inch  either  way,  then  further  checking  is 
necessary* 


QUESTION  10, 

According  to  the  scale  (Item  d  above)  the  wheel  base  on  the  right  side 
is  (longer)  (shorter)  than  the  wheel  base  on  the  left  side. 


^  ^ 


Shorter.  1 


i         The  tracking  gauge  is  used  to  detennine  if  an  alignment  problem  exists,  i 
[There  are  tour  types  of  alignment  problems*     Each  problem  shows  up  a  little  j 
klif ferent  when  using  the  tracking  gauge*     Each  of  the  drawings  below  \ 
Illustrates  a  type  of  alignment  problem.     Remember  -  the  tracking  gauge  is 
aet  on  one  side  of  the  vehicle  and  the  other  side  is  compared  against  it, 
so  tne  gauge  you  see  on  the  right  side  of  the  drawing  is  an  identical  setting 
;4S  the  left  side*     Notice  how  the  different  ty^ies  of  alignment  problems  appear 


Figure  v. 


L'...'*;-  tne  tracking  gauge  indicate  the  exact  location  and  type  or 
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12 


Frame  12. 


 L_  

11.     (b)     No.        You  were  right  if  you  made  this  choice.     The  >t racking 
gauge  is  used  to  perform  a  preliminary  check  to  determine  if  furthe^ checking 
is  necessary. 


It  was  mentioned  earlier  in  the  lesson  that  you  were  going  to  study  th€ 
i "Projection  Method"  of  determining  frame  misalignment.    The  "Projection 
Method"  is  simply  the  projecting  of  several  check  points  of  the  frame  to  the 
'shop  floor,  where  more  accurate  measurements  may  be  made.     The  tools  needed 
iare  chalk,  plumb  bob,  measuring  tape,  level,  body  stands,  and  chalk  line. 


Figure  10. 


Having  detkirrrined  chat  it   :s  necessary  to  continue  cneckmg  tne   frame  r 
Tii-^aii^nment  and  having  gathered  the  tools,   the  next  step   is  to 

.1 .       level  t he  vch i c  1  e  and  c r aw  1  and e r  it. 

0.       jack  up  the  venicle  and  place  body  stands  anaer  it. 

c.       project  selected  points  oi    the   trance   lo   t:\e   shop  flcor. 


1  o 


Frame  13. 


\ 


0  • 


Jack  up  the  vehicle  and  place  body  stands  under  it. 


/ 


:  Since  you  will  be  working  under  the  vehicle,  you  must  put  body  stands  \ 

under  the  vehicle  frane  in  strategic  locations  to  prevent  the  vehicle's  j 
falling  on  you.  There  is  also  another  reason  why  body  stands  must  be  placed  ! 
under  the  vehicle.     Study  the  illustrations  below  and  then  answer  Question  131 


WRONG 


•  ICHT 


Frame  14 


13      b.        The  next  step  of  the  "Projection  Method"  for  checking  frame 
alignment  is  to  make  sure  that  the  body  stands  ar^e  level  and  looced. 


After  the  vehicle  has  been  jacked  and  leveled,  you  are  ready  for  the 
third  step.     This  step  requires  you  to  suspend  a  plumb  bob  from  a  minimum 

ei«ht  (8)  different  points  on  the  vehicle  frame  to  the  shop  floor.  The 
tio    Uus  rations  below'depict  a  top  viey  of  the  frame  with  th«  TThelow 
Ip.in      identified  bv  "X's."     Study  the  drawings  and  answer  Question  14  below, 


X 


a- 


D  , 


Flguxt;  1^ 


;LTSTI0N  14. 

Which  drawing  above,   in  vour  opinion,  shows  correct  suspension  points' 
3,       Drawing  a. 
b.       Drawing  b. 


15 


Frame  15. 


Drawing  b.        The  point  being  made  here  was  that  there  must  be  at  least 
eight. suspension  points  and  they  must  be 
idencically  placed  on  each  side  rail.  The 
drawing  here  should  .help  you  to  visualize 
where  these  points  might  be.  is 
important  to  remember  that  identical  points 
on  the  side  rails  must  be  projected  to  the 
shop  floor.     Otherwise,  an  erroneous 
measurement  may  result. 


'Igure  13, 


T\\e  steps  necessary 
"PrDlection  Method''  are: 


Place  tne  vehicle  on  body  stands.     I^rvoi   fihe  vehicle, 
suspend  planb  bobs  from  eight  rindoir.  pointy   from  the  veiiicU- 


r  rame . 


Level  the  venicle,  jack  the  vehicle  and  place  ::'ody  -.ran: 
under  it  and  suspend  plumb  bcbs   irom  ranaon  points  from 
the  frame • 


c.       Jack  up  the  vehicle,  place  body  stands  under  the  vehicle. 
Level  the  vehicle  and  lock  the  body  stands^  suspend  a 
plumb  bob  from  four  ident 1 cal  points  on  each  side  of  the 
vehicle  frame* 


Frame  16, 


15.  c. 


Obviously,  you  cannot  suspend  the  plumb  bob  from  8  points  at  once,  so 
you  must  mark  each  point  with  chalk  on  the  shop  floor,  then  move  on  to  the 
next  point*  Study  the  illustration  below*  The  ''X's*'  mark  the  appropriate 
suspension  points. 


(QUESTION  16, 


Before  moving  from  one  s'^^peusion  point  to  the  next,  you  must 

.i*       memorize  the  point  on  the  snop  floor  where  the  piun;b  bob 
is  now  ta^ching , 

b,       place  a  chalk  mark  on  the  shop  floor  directlv  under  the 
point  of  the  plumb  bob* 


ERIC 


i: 


S 


f 

K 


Frame  17. 


After  suspending  the  plumb  bob  from  a  point  on  the  vehicle  frame*  you 
make  a  chalk  mark  on  the  shop  floor  under  the  plumb  bob  point.     Repeat  this 
procedure  at  each  check  point  on  the  frame  rail.     Cross  over  to  the  rail  on 
the  other  side  of  the  vehicle  and  repeat  the  entire  procedure.     Make  sure 
that  the  check  points  selected  are  identical  for  both  rails*     Use  the  junction 
of  a  cross  member  and  the  side  rail  or  some  other  easily  identifiable  check 
point. 

1  


QUESTION  17. 


After  narking  all  eight  points  on  the  shop  floor,  what,   in  ycur  opinion, 
is  the  next  step'^ 

a.       Measure  the  distance  between  the  chalk  marks* 

Raise  the  vehicle,   re[?,ove  the  bodv  stands,   luwer   the  vehicle, 
and  drive  it  awav   iron:  tlie  chalk~n:]arked  area* 


Frame  18*  ^ 


1         b.      Of  course!      Get  the  vehicle  out  of  your  way  so  that  you  have 

i 

jplcnty  of  room  in  which  to  work. 


I         The  next  step  is  to  determine  the  mid-points  between  tTie  two  front  chalk 

'marks  and  the  two  rear  chalk  marks,  see  part  a  of  the  illustration  below. 

iWhen  these  two  points  have  6een  determined,  then  draw  a  chalk  line  connecting 
the  two  mid-points,  see  part  b  of  the  illustration.    Next,  draw  two  diagonal 
lines  connecting  the  CORUER  chalk  marks,  part  c  of  the  illustration  below. 
This  procedure  gives  a  very  general  outline  of  the  frame  and  the  general  area 

iof  the  frame  defect. 


Figure  15. 


Diagonal  lines 
should  intersect 
on  the  center  line 
for  a  frame  in 
GOOD  alignment. 


.'iiL^  procedure  descrioea  above 

determines  whether  the  frame  is  "swaveu'*  or  "aiamond"  shaped 

gives  a  general  outline  of  the   fraine  ana  a  general   i^ea  or 
the  area  of  the  frame  defect. 
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Frame  19. 


I         18.      b«        Good!     The  procedure  described  In  the  previous  frame  gave 

ia  GENERAL  oucline  of  the  frame  and  the  GENERAL  AREA  of  the  defect, 


QUESTION  I). 

T";;e  vrhalk  narks  were  projt^cted  •►from  ,i  vehicle  with  a 

;^ .  'V^wayed"  frame, 

h.  '^diarr*ond^shaped"  franie. 


Frame  20. 


19.      b.    The  drawings , In  figure  16  have  been  exaggerated  to  make  it 
obvious  to  you  that,  a  pattetH  of  the  frame  has  been 
"Projected  to  the  shop  floor."   


Actually,  it  is  nearly  impossible  to  detannine  if  the  frame  is  in  fact 
out  of  alignment  UNTIL  ?ome  measurements  have  been  taken.    The  measurement 
t-111  be  accomplished  using  a  steel  tape  measure  at  least  30  feet  in  length. 
Study  the  drawing  below,  then  answer  Question  20  found  below  the  drawing. 


X  5 


3  X 


X  6 


X 


X  7 


X 


Figure  17. 


QL'ESTION  20. 


Between  w 


hich  p6ints  should  you  measure  to  determine  frame  aii^^nmen 


a . 


Befjeen  1  and  4,  then  between  5  and  8. 


b. 


Between  1  and  5,  Chen  between  4  and  S. 
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Frame  21. 


20.  b. 

All  iMmsuremcnts  must  b«  tak«n  on  Che  diagonal t 

a  vehicle  has  a  ^'diamond*3haped''  frame,  one  side  is  shitted  or 
pushed  back,  as  indicated  in  the  drawing  below. 


SMOiT 


Figure  1.8. 


As  you  can  see,    the  diagonal  iiea.sureTient   ii-:;   is    longer  tnan  tne  :ther 

!  ; 


QUESTION  :i. 

In  Che  illustration  to  the  rignt,  tr.e 
T*easurenent  between  :halic  ^larks  1  and  3  is 
13  feet  6  inches.     The  measurement  between 
chalk  marks  4  and  3  is  13  feet  and  7  inches. 
Can  you  tell  from  tht*se  measureiT^ents  -^iielho.i 
the  frame  is  swayed  or  diamond-shaped? 


?.  X    '  \   X  7. 

/ 

1.  /  \ 


FriM  22 


21.      b.      NO  la  right.    When  a  fram«  is  out  of  aXignmant,  from  aither 
a  "swayed"  or  "dlamond-ahaped"  condition,  tha  cornar  to  cornar  naaauraaants 
are  usually  UNEQUAL.    To  determine  which  of  the  condition*  la  caualng  the 
problem,  at  laaat  one  more  set  of  measuremanta  need  to  be  taken.    Thus,  a 
minimum  of  four  maaauramanta  are  necesaary  to  pinpoint  a  "swayed"  or  "diamond 
shaped*'  condition.   " 


An  automobile  frame  la  not  constructed  as  precisely  as,  for  instance,  a 
lathe.    Also,  lack  of  quality  control  during  manufacture,  minor  twists 
incurred  through  everyday  use,  human  error,  and  other  factors  all  combine  to 
make  It  extremely  IMPROBABLE  that  diagonal  measurements  will  be  exactly  alike 
on  even  a  properly  aligned  frame.    Therefore,  a  tolerance  between  measurements 
13  allowed.    The  greatest  tolerance  being  allowed  is  on  the  longest  diagonal 
measurement.     In  this  case  it  Is  3/8  of  an  inch. 

In  the  previous  frame  it  was  established  that  the  longest  measurement 
was  13  feet  6  inches  and  13  feet  7  incnes.    The  difference  In  these  measure- 
ments Is  one  inch.    This  difference  Is  considerably  more  than  3/8  inch  so  it 
can  be  said  that  a  frame  alignment  problem  exists. 


Ql'ESTION  22. 


Between  whan  two  points  should  Che  next  set  of  measurements  be  made? 


Between  1  and  3,  then 
between  6  and  8, 


1.   ^     r  5. 


2.  X  W  16. 


Between  3  and  5,  then  between 
4  and  6 . 


■\.  1  ,   \   X  7. 


Between  I  ana  b,  then  between 
3  and  8. 


U.  I 


Frame  -IJ. 


b.       Did  you  gec  it  correct? 

! 

The 

rirst  measurements  were  from  points  1  to 

5 »  and 

from  ^  to  8. 

i 

I 
! 

i 

distances  between  these  points  were  li'b'* 

and  1 

i 

< 

\ 

The 

next  !T:easurei::ents  were  from  points   3  ic  i 

,  and 

from  *4  to  ^. 

) 
t 

yiie  distances  between  these  point;s  were   J*-***  and  5 ' l.!!". 


;   ^  •  ♦ 

; : ;  ul  'v-^  C  u  . 


> 


Frame 


2..  33V 


23.    b.      NO!      The  figures  indicate  chat  the  defect  is  In  the  forward 

part  of  the  frame,  however. 


r  Pairs  of  short  diagonal  measurements  may  not  differ  by  more  than  1/5  inch 

iThe  tolerance  on  the  long  measurements  is  3/8  inch. 

i  The  first  (long)  measurements  were:  from  1  to  5  was  i3'6". 
1  from  4  to  a  was  13*7". 


♦ 


Tne  second  Untcrmediate)  measurements  were; 


trom  3  to  5  was  5*-^'^ 
from  4  to  b  was  3'4  i/2'\ 


Fne  third  (short)  measurement  from  2  to  6  is  5*8'\ 

and  from  3  to  7  is  5'8  1/2*V 


X  ^     ,X  5 


X 


rliiure 


1 1.   cannot  vet  be  ^iett'  rmnea . 

L  t    IS     swayeu , 

It.   IS     J  iamond-shapec: .  " 


Frame  23 


33^ 


i-^C  rat  ions  below  show  all  of  the  measurements.  Studv  each  and 
then  carefully,  ^tudy  the  RLTE ,  then  answer  Question  25  below 


1  to  5  =  13'6« 
u  to  5  =  13 '7" 


X  5, 


Y  7 


3 

to  5 

- 

U 

to  6 

- 

^.  X        X  6. 


X  7. 


X  6 


2  to  6  ■  5 '8" 

3  to  7  -  5'8V 


U.  X  X  ^. 
1.  X        X  6, 


2.  X 


1.  X 


X 


X  7. 


X  8 


1  to  7  - 

2  to  8  =  5'!^ 


U.  X  X  5. 
3.  X        X  6. 


2.  X 


1.  X 


:      X  7. 

X  , 


Iter  -making  :n-  ion^  diai^onal  -easure-enrs  ,  i:  iil  ^-^^  iii£-LL 
are  uritfQuai  L.'ie   fraiT^e  can  t>e   idencifieci         ::ei:^g  *  d  la::iOnu-^s^apt^^ 


iv  v^n^'  snort  T.easurement:   i.s  unequal   ''t:;.it  is. 


.  u  \\  e  r 


^r ! 


T^e.isurer^ent 5  are  within  tolerance;  tr.e  frame  is  "swaved  .  i 
:i         t:.Lr   r"ra:"e         located   :i:  t!it;  cir^.-a  -I'  une-u.!,:.  -e.th': r^-"U^n t 


\  e     <  w  a  \'  c . 


e  alignment  problerr^  of  the   fr^^ne  with  the  Tie.isuremen ts  ?7»hcwn 


a.       It   is  "vi  iarr^ond-^shaped  .  " 

IT  -J  •* 


.r; 
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FraiM  26. 


:3.  a. 


The  measurement  figures ^ given  indicate  that  the  frame  is 
diamond-shaped/* 


-n  'he  figure  below,  the  n^easurements  indicate  that  the  frar-e  is 
kwav;d."  s;idy%he  .ea;uremeats  given,  then  answer  Question  2.. 


X       y  /  AO 


X  '  \  X  7. 


1  to  ?  ■  13'6'»  Firat  maasuromants 
U  to  8  -  13 '7"  (unequal) 


3  to  5  - 
U  to  6  - 

2  to  6  - 

3  to  7  - 


1  to  7 

2  to  3 


5'li"     Second  measurflttenta 
(unequal) 


5'8" 

5 '8" 

5 '6" 
^'6" 


Third  meaaur* 
(equal) 


its 


Fourth  measuranonta 
( equal) 


tne  rule  tor  cieterTi^irung  i:   the  fraiue  i:i  swayed^ 
W:.en  eaci^  set  or  diagonal  measurenen cs  is  unequal, 

...er  one  set  of  snort  axagonal  measuremer.ts   is  unequal  ar.c 
^.-e  .tner  t.o  sets  or   snort  diagonal  neasure:..ents  ar.  ecu.., 

'  1  r  J  " 

tne  frame  is  swayec. 
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Frame  27, 

:  :g.     h.       Very  good!     The  rule  is:     "When  one  set  of  short  diagonal 

jmeasui-emenLs  is  unequal  and  the  other  two  sets  of  short  diagonal  measurements 
'are  equal,   the  frame  is  swayed/* 


St:-.:Jv  the  drawins^s  below;   tiien  answer  (?ue3ti,on  27  below, 


a" h  i   :^   i"  T a:r.e  s  n own   in   r  ;   u  r e  -  j  a u v.;  e 


i'^'tWiHR  a 


is  d iarr.ond-shaped  and  dr.iwir.^^, 


^  r  ri  W    n  St    o     i  o       w  a  _T  V  *  *       ^  ^  ^  -v  .  . .  .  ^  ^  . .  * 


FrasM  28. 


Drawing  a  wa.  swayed  and  drawing  b  was  dia»ond-.haped ■ 


REVIEW  TEST 
Program. 

Suspend  the  plumb  bob  from  at  least  8  points  and  chalk 
mark  each  point  on  the  floor. 


Step  1 
Step  2 
Step  3 
Step  A 


b.     Measure  diagonally  between  the  chalk  marks. 

Jack  up  the  vehicle,  level  it.  and  place  on  the 
body  stands . 

d      Raise  the  vehicle,  remove  the  body  stands,  lower  the 
vehicle,  and  move  the  vehicle  away. 

A  fra...  is  ou.        alignment  when  Che  lon^e^t  diagonal  ..eas.re- 

nents  are  unequal  by  r^.ore  than 

a.  3/3- 

b.  1/2" 

c.  3/ 

,.     r>,.s  ,u«Uoh  is  h,«od  .n  the   UlastrHCxon  .ei..  : 


s  this  :r.rae,   (a)   swayed,  OR  (b)  diaMnd-shapec 


Frame  29, 


REVIEW  TEST  (CONTINUED) 


Question  4*     Tills  question  is  based  on  the  following  Illustration 


Question  5, 


this  frame »   (a)  swayed,  OR  (b)  diamond-shaped? 

In  the  space  plrovided  on  the  answer  sheet,  enter  the  iette 
identifying  each  part  shouTi  in  the  illus  tration . 


Left  siie  ran  - 


Middle   cress  meno e : 


Left  frame  horn. 


'rent  c  ross  membe  r 


R 1  i:h  t    f  r  3 n^-e  nor n 


Rear     r  jss  meTiber 


,'he  answers         tnis   r<EVIEW  TEST  wi 


;;t^  round  at   the   tov  oi  the 


age 


HEY:     QUIT  THE  PEEFTW  ! 
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Frame  30 


Answers  to  the  questions  asked  on  the  REVIEW  TEST. 
Question  X.  Step  1 

a  Step  2 
d  Step  3 
b  Step  4 

a  (3/8") 


Question  2- 
Question  3* 
Question  4. 


(swayed) 

(diamond-shaped) 


Question  5,       See  drawing  below 


IT 


8 


:f  you  -issed  any  of  the  question:;  on  the  REVIEW  TEST, 
sure  that  you  understand  the  correct  answer  before  vou 
proceed  :o  the  next  page. 


ERIC 
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Frame  31. 


Now  that  you^have  completea  the  portion  of  the  Program  which  deals  with 
damaged  frames,  we  can  think  about  other  alignment  problems*     Of  course,  we 
know  that  caster,  camber,^ and  toe-in  are  adjustable  by  use  of  alignment  equip- 
ment.    There  are  two  other  alignment  problems  which  can  cause  steering  wander,' 
excessive  tire  wear,  or  poor  tracking  (sometimes  all  three!).     iTtese  conditions 
are  zaj^led  "knee-back*'  and  "shifted  axle*"    Knee-back  is  a  condition  where  one 
front  wheel  is  pushed  slightly  toward  the  rear  of  the  car-     It  can  be  caused 
by  striking  the  curbing  while  parking  or  turning  into  a  driveway,  or  it  might 
be  caused  by  striking  a  hole  or  other  obstruction  in  the  road.     It  is  not 
readily  detected  by  a  routine  alignment  check.     If  a  car  steers  poorly  or 
wears  the  front  tires  excessively  after  rou^^ine  alignment  has  been  accomplished 
a  check  for  knee-back  might  well  be  in  orderV    Shifted  rear  axle  ^tnay  be  defined 
as  any  condition  in  which  the  rear  axle^  is  not  perpendicular  to  the  frame  ot  \ 


ne 


'ehicle . 


Pr«M  32. 


28       «     Kat«-b*ck  could  result  from  thit.    If  you  parked  «g«ln»t  the 
curb  a^d'-ouni  urwlth  e  .hlfted  rc.r  «1.,  V.  .fr.id  that  you  would  n.ed 
the  service*  of  a  tow  truckl 


We  will  study  the  procedure  for  determining  the  presence  6f  ^/^^^-^^Jj 
condition  firs::  then  go'to  the  procedure  fo^^ecermlnlng  a  rear ^xl.  shifted 
condition.    Before  checking  for  kneSs-back,  make  sure  that  the  frame  is 
stratghr  because  either  a.wayed  or  diamond-shaped  frame  could  masquersd.  a. 
a  knee*back  condition. 

The  first  step  is  to  place  the  vehicle  on  a  level  surface     Next,  you 
i„u5t  establish  a  line  which  is  parallel  to  the  front  -^^^^^ 
drawings  below  show  different  methods  of  establishing  this  line. 


CHAi«  liNf 


CHAIK  iINi 


Drawing  1- 

Suspend  a  plumb  bob  from  the 
bumper  at  two  point-G.  Measure 
12"  forward  and  draw  a  challc 
line  between  the  two  marks. 


Drawing  #  2. 

Suspend  a  plumb  bob  from  the 
front  of  the  front  cross  member 
St  the  Junction  of  the  side  rail. 
Measure  12"  forward  and  draw  the 
chalk  line  parallel  to  the  front 
of  the  vehicle. 


Figure  25. 
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Frame  J3. 
QUESTION  29. 

Will  drawing  n  or  drawing  n  of  figure  25  (previous  frame;  be  the  more 
accurate  method? 


The  next  step  is  to  aeaaure  from  the  chalk  line  to  the  center  (hub)  of 
each  front  wheel,  making  sure  that  your  measurement  is  perpendicular  to  the 
chalk  line.    Record  tha.  measurements  (A  in  the  drawing).  "T'^^.  ^K^. 

manner  from  the  chalk  line  to  the  center  (hub)  of  each  rear  wheel  (B  ln.tl— 
drawing)  and  record  the  measurements.'  Study  the  illustration  below^-'Chen 
answer  Question  30. 


Figure  26. 


QUESTION  30, 

Does  measurement  "A"  or  "B"  in  figure  26  above  check  for  a  shifted  rear 

axle? 


3A 


34. 


Anawtrt  Co  previous  questions: 

29.      If  you  chose  drawing  #2  as  the  correct  one  you  were  right*  The 
method  illustrated  in  drawing  #1  has  too  much  possibility  for 
error*    If  the  bumper  is  bent  or  twisted  or  Installed  Improperly, 
or  if  g)ne  o/  the  frame  horns  Is  bent  or  twisted^  our  chalk  line 
will  be  out  of  line,  giving  us  an  inaccurate  reference  Xine« 

30 «      If  you  said  that  ^*B''  is  the  correct  measurement  to  check  for  a 
shifted  rear  sxle,  you  are  right.    If  you  missed ,  you  must  have 
failed  to  read  the  question. 


a 


Study  the  measurements  of  the  drawing  below* 


T 


I 
I 

I 


11'6" 


r' 


n 


r 


I  i 


t 
I 
I 
I 
1 


Figure  27. 


QUESTION  31- 

s  ^ 
What  is  the  alignment  problem  of  the  vehicle  in  figure  27? 

a.  Knee-back* 

b.  Shifted  rear  axle* 

c.  There  is  no  alignment  probletn. 
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Fraoe  i5. 


31.    b.      Right!     A  shifted  rear  axle  condition  Is  the  problem.    As  you 
noticed,  the  frame  was  undamaged.     The  rear  axle  was  shifted  forward  on  the 
right  side. 


There  are  several  possible  causes  of  a  shifted  rear  axle  condition.  Among 
these  c^ses  are  a  broKen  main  leaf  in  the  rear  spring,  a  broken  center  tie 
bolt  in  the  rear  spring,  and  a  missing  spring  pad.     By  far  the  most  common 
cause,  however,  is  the  broken  center  tie  bolt. 


QL'ESTIGN  22. 


\1ucii  or  the  following  is  the  correct  answer? 


■i        \  shifted  rear  axle  is  cau:sed  by  a  broken  rebound  clip. 

b.       A  broken  center  tie  boit  usually  causes  a  slutted  rent  axio 


rr«  36.  3^ 


YOU  K«v«  now  coBpltttj  th.  progrMi  on  V«hlci«  Ft.^  Ail»i««ot.    "  tn.r. 

15  Inv  Bo«iorch«  la  not  cU.r  to  you.  now  1.  the  tim.  to  go  b.ck  and 
«vie«  it!  If  you  £..1  that  you  are  satisfied,  notify  your  Instructor. 
He  will  give  you  another  job  to  do. 
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.WOJECTj    V«hlclf  Frame  Aligtmant 


5. 


b. 


10. 


3.  (a)  (b) 

4.  (a)     (b)     (c)  (d) 


3.  (a)  tb) 
9.     (a)  (b) 


11.     (a)  (b) 

i:.     (a)     (b)  (c) 

13.     va)  (b) 


.a;  (b) 


1  c 

lb  • 

1/  t 

1  Q 

V.D ; 

20  • 

21. 

(a) 

(b) 

22. 

(a) 

(b) 

(c) 

1 

^  4 


3. 

A. 
5. 


(a)  Cb)   (c)  (d) 
(a)  Cb) 
(a)  (b) 


23. 

(a) 

(b) 

(a) 

^b) 

25. 

(a) 

(b) 

26. 

(a) 

(b) 

27. 

(a) 

(b) 

28. 

(a) 

(b) 

29. 

30. 

31. 

(a) 

(b) 

32. 

(a) 

(b) 

(c) 
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PROJECT:     Vehicle  Frame  Alignment: 
1.  


3. 
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PROGRAMMED  TEXT  3ABR47-»^-PT-605A 


Technical  Training 


General  Purpose  Vehicle  Repairman 


U-HEEL  SA LANCING 


This  supersedes  3ABR47 330-PT-605A,   20  April  1970. 
OPR :  TVS 
DISTRIBUTIOH;  X 

TVS  -  200;  TTOC  -  2 


-  Dtsignad  For  ATC  Coursa  Us« 

DO  MOT  USt  Om  THX  J0» 


INTRODUCTION 

The  small  size  wheels  with  large  size  tires  on  today's  modern 
passenger  cars  and  the  high  speeds  with  which  they  travel  has  in- 
creased  the  need  for  wheel  balance.    Unbalanced  wheels  cause  abnonnal 
wear,  shlnmy,  and  place  considerable  stress  on  front  and  rear  end 
assemblies . 

INSTRUCTIONS 

Tills  program  is  divided  Into  two  parts.     Part  I  of  the  program 
presents  information  in  small  steps  called  "frames."    After  each 
step  (frame)  you  are  asked  to  select  the  correct  answer  or  fill  m  a 
blank.    Use  a'  card  as  a  mask  over  the  printed  material.     Slide  this 
mask  down  the  page  until  you  expose  the  top  of  a  short  line  of  slashes 
(////////////).     Read  the  material  presented  and  maka  your  answer 
on  the  Student  Response  Booklet  (SRB) .     After  you  have  made  your  answer, 
slide  the  mask  down  until  the  answer  space  Is  exposed.     Check  your 
answer  against  the  correct  one  given  in  the  answer  space.     If  you  are 
correct,  go  on  to  the  next  frame.     If  you  are  incorrect,  read  the 
frame  again  and  reason  out  the  correct  answer.     After  yo j  have 
finished  Part  I  check  with  the  instructor  to  see  if  you  can  proceed 
with  Part  II,  'Which  is  a  checklist  designed  to  guide  you  through  the 
wheel  balancing  procedure.     NOTE:     22  Hi  '-^^'^^^        '^-^  programmed 
tex  t '. 

OBJECTIVES 

'^-hen  vou  have  completed   this  programmed  text  you  will  be  able  to  accuui- 
plit>h  the  following  objectives  In  accordance  with  the  latest  TO: 

1.  Set  up  the  portable  wheel  balancer   in  the  correct  position ^ 
Icr  :itatic  aalancing. 

2.  Determine  the  amount  or  w-ignt   required  to  Ddlance  a 
■itacically  unbalanced  '^iieel. 

3.  Identify  the  location  wnere   t.-.c  weight  wi  ■  .i   oe  p^aeed  on 
trie  vnee.'   for  static  balance. 

a.       bet:  up  tr.e  portable  '-nieei  jaj-.iiiuu .    ...  ...t- 

for  dynamic  balancing. 

5.  Determine  the  arrount  of  weight  r.-;uired  lo  balance  a  dvnanicail- 
vinbalanced  wheel. 

6.  Identify    he  location  where  the  weight  will  be  placed  on  the 
wheel  for  iv.iamic  balance. 

VALIDATION 

T-his  prog-animed  text  was  validated  in  196^  with  30  students  en- 
rolled in  the  3ABR47  330  course  at  Chanute  .AF3.     It  has  continued  to 
be  successful  since  that  t-Lme.     .Approxinately  2,500  students  have  been 
trained  with  this  text. 
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Frame  I 

In  wheel  balancing  there  are  two  basic  unbalanced  condiLions- 
They  are: 


3r 


/ 


STATIC  UNBALANCE 

WHEEL  SOUNDS  UP    AND  DOWN 

^^^^^  ^^ito^ 


LIKE  A  RABBIT 


AND 


DYNAMIC  UNBALANCE 

WHEEL  WOBBLES    OR  JERKS 

SIDEWAYS 


TRACKS   LIKE  A  SNAKE 
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Frame  2 

.■UESTIONS  1  THROUGH  5. 

Supply  the  missing  words  to  complete  the  statements  given  below 
by  writing  the  missing  words  in  the  corresponding  numbered  space (s) 
on  your  Student  Response  Booklet  (SRB) . 

STATIC  and  D\X^MIC  are  the  r-c  basic  unbalanced  conditions  en- 
countered in  wheel  balancing. 

1.      When  the  wheel  has  a  tendency  to  bounce  up  and  down  it  is 
called  a    unbalanced  condition. 

:.      WTien  the  wheel  wobbles  from  side  to  side  or  jerks  sideways 
it  is  called  a    unbalanced  condition. 

i.       There  are    basic  unbalanced  conditions  encacncerec 

IT.  wheel  balancing.     These  conditions  are  called   

and   ■ 

Static  -anbaiance  exists  when  the  wheel  has  a  tendency  to 
bounce    and  • 

:^ .       D>T~iastc  unbalance  exists  when  the  wtieel  wobbles  rrDz: 

and   . 


Hill  /,'■  //  I  :  !  U  I  :  .  :  :  I 

1.  static 

2.  dynamic 

3.  two  or  2,   static,   dvnamic   'either  order 

4.  up   (and)  down 
side   (to)  sidt; 
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Static 
3.  Dynamic 
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Fraiae  4 


Th«re  are  several  different  designs  of  vheel  balancing  laachines 
Some  of  these  mAchines  require  removal  or  i:h«^  wheel  from  the.  vehicle 
while  performing  wheel  balancing  operations,    however,  with  the 
e^juipment  you  will  be  using,  the  balancing  is  accomplished  with  the 
wheel  mounted  on  the  vehicle. 

There  are  three  parts  (units)   to  the  portable  wheel  balancing 
machine,  one  of  which  is  illustrated  in  the  drawing  shown  below, 
with  the  other  two  being  illustrated  on  the  next  page. 

Part  1.     The  Magnetic  Pickup.  ^  , 

The  magnetic  pickup  is  a  device  which  is  connected  to  the  strob 
light*     This  unit  is  used  to  pick  up  any  vibrations  of  the  vehicle 
or  wheel. 


Frame  S 


Part  2.     The  Strobe  Light. 

The  strobe  light  is  a  device  which  will  indicate  the  heavy  spot 
(vibrations  from  the  magnetic  pickup)  by  a  flashing  light  and  will 
indicate  the  amount  of  weight  to  use  to  counteract  the  heavy  spot  on 
a  wheel  by  use  of  a  scale  found  on  top  of  the  device.     The  strobe 
light  Is  Illustrated  in  the  drawing  below. 


Part   3.     VTneel  Spinner  and  Erake. 

The  wheel  spinner  and  brake  is  an  electric  motor  used  to  spin 
the  wheel  on  the  vehicle  and  to  stop  the  rotation  of  the  wheel.  The 
device  is  illustrated  in  the  drawing  ahovn  below. 
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Frame  6 

QUESTION  7. 

Write  th«  name  of  the  units  of  the  portable  wheel  balancing  equip- 
oent  represented  by  the  three  drawings  below  in  the  space  provided  on 
your  SRB  (Student  Response  Booklet) . 


A. 


Frame  7 


Th«r«  are  two  scales  on  the  indicator  in  the  strobe  light  which 
are  controlled  by  the  regular  aenaitive  awitch  on  the  strobe  light. 
Thea*  acalea  are  uaed  aa  followa: 

You  will  use  the  TOP  SCALE  when  balancing  wheels  on  passenger 
vehiclaa. 


You  will  cse  the  BOTTOM  SCALE  when  balancing  wheels  on  heavy 
trucks . 
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FrafflA  d 

The  regular-sensitive  switch  on  the  strobe  light  has  two  (2) 
positions: 


/  / 


When  reading  the  TOP  SCALE  (for  passenger  cars)   the  svitch  is 
positioned  for  regular  balancing. 

When  reading  the  BOTTOM  SCALE  (for  heavy  trucks)  the  svitch  is 
positioned  for  sensitive  balancing.  t 

QUESTIONS  8  AND  9. 

8.       If  you  were  balancing  a  wheel  on  a  p.issenger  car  indicate 
with  a  checkmark  on  your  SRB  which  scale  you  would  t.ike 
the  reading  from. 


TOP  SCALE 


lU'TTCl^i  SCALE 


If  vou  were  balancing  a  wheel  on  :i  passenger  car  indicate 
with  a  chectoark  on  your  SR5  whi.n  position  shou.u  be  n:.e.  . 
regular  or  sensitive. 


A. 


/////////////////.'/// 


8.       TOP  SCALE 


RECUTAR 


Th«  »c»1m  on  th«  strobe  light  are  divided  into  two  (2)  sectiont. 
If  the  needle  moves  to  aid  position  on  either  scale,  approximately 
three  (3)  ounces  of  weight  are  needed  to  countersct  the  h«avy  spot  on 
the  wheel.    The  eeelee  ere  color  coded,  es  foUowe,  to  assist  you: 


THIS  AACA  ON  SCAtE  THIS  AREA  ON  SCALE 

>S  QWEM  IS  RED 


When  the  needle  is  in  the  GRIEN  area  of  the  scale,  tna  wheel  is 
balanced. 

When  the  needle  Is  In  the  RED  area  of  the  scale,  the  wheel  la 
■unbalanced . 
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From*  10 

QUESTIONS  10  AND  11. 


10.  In  Che  diagram  above,  the  needle  is  in  Che  red  section. 
Indicate  on  your  SRB  whether  the  wheel  Is  balanced  or 
unbalanced,  according  to  the  illustration  above. 

11.  If  the  wheel  is  unbalanced,  according  to  the  illustration 
above,  indicate  in  the  space  provided  on  your  SRB,  how  mai 
ounces  of  weight  are  required  to  balance  the  wheel. 

///////////////////// 
10.     unbalanced  H-     approximately  4  ounces 
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Fr«B«  11 


A  r«f«renc«  mark  (a  piece  of  cape  or  a  chalk  mark)  is  placed 
ANYWHERE  on  the  wheel  before  it  is  spun.    This  is  illustrated  in  the 
drawing  above. 


1 


The  strobe  light  Is  used  Just  like  a  timing  light.    When  the  wheel 
Is  spinning,  the  strobe  light  will  make  the  reference  mark  APPEAR  TO 
STAND  STILL.     This  is  illustrated  in  the  drawing  above. 

After  the  wheel  has  stopped  spinning,  place  the  reference  mark  in 
the  same  position  it  appeared  in  when  the  wheel  was  spinning.  This 
Is  done  by  turning  the  wheel  by  hand. 
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FraiM  12 


HEAVY  SPOT 


Think  of  the  wheel  as  being  the  face  of  a  clock.     When  checking  a 
statically  unbalanced  wheel,  the  inagnetlc  pickup  is  placed  under  the 
lower  control  arm.    When  the  heavy  spot  hits  the  ground,  In  relation 
to  the  face  of  a  clock,  it  (the  heavy  spot)  is  said  to  be  located  at 
the  6  o'clock  position. 

qUESTXONS  12  THROUGH  13. 

12.  Wliere  do  you  place  the  reference  raark  on  the  wheel? 

13,  What  does  the  reference  mark  appear  to  do  when  the  wheel 
is  spinning? 

lA,     Where  would  you  place  the  reference  mark  ^tter  the  wheel 
has  stopped  spinning? 

15.     If,  in  terms  of  a  clock,   the  heavy  spot  is  located  at 

the  6  o'clock  position  on  the  wheel,  where  would  you  place 
the  weight  to  counteract  the  heavy  spot? 

I  inn  n  mil  HI  III  II 

12.  anywhere  \ 

13.  stand  still 

14.  where  it  appeared  to  be 
when  the  wheel  was  spinning. 

15.  12  o'clock  or  top 
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When  checking  a  dynamically  unbalanced  wheel,  the  oaagnetic  pick- 
'up  should  be  placed  at  the  extreme  forward  edge  of  the  brake  backing 
I^late,  at  spiudle  height.    The  strobe  light  will  flash  when  the  heavy  . 
spot  on  the  tire  forces  r.he  wheel  inward  against  the  pickup.    To  ofi- 
set  or  counteract  this  condition,  the  necessary  weight  to  be  installed 
oust  be  equally  divided,  placing  half  of  this  weight  on  the  inside 
front  of  the?  wheel  (next  to  the  pickup)  and  the  other  ha4.f_  of  the 
required  weight  on  the  outside  rear  of  the  wheel  (3  9 'cloche  or  9 
o'clock  position).    This  will  prevent' the  previously  dona  static 
balance  from  becoming  unbalanced  while  correcting  dynamic  balance. 

QUESTION  16. 

K,  in  terms  of  a  clock,  the  heavy  spot  is  located  at  the  9  o'clock 
and  3  o'clock  position  on  the  wheel,  where  would  you  place  the  weights 
to  counteract  the  heavy  spot? 

■///////////////////// 

9  o'clock  and  3  o'clock  position 

I 

i 
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Frame  14  ' 

Part  II.     WHEEL -BALANCING^  '  • 

,  You  are  about  to  perform  a  scaclc  and  dynamic  wheel  balancing  opera- 
tion*   This  booklet  is  actually  a  checklist,  of  instructions  which  re- 

.  quires  you  to  perform  a  task  in  small  steps  and  record  your  prpgress 
on  »  separate  SRB.     Follow  the  instructions  found  in  this  booklet 
according  to  the  ahswe^e  you  select  for  the  questions  asked.    Do  not 
proceed^  to  the  next  frame  in  the  task  until  the  current  frame  is 
accpmplished.     For  all  practical  purposes  you  are  on  your  own.  How- 
ever »^if  you. need  help  do  notvhesitate  to  call  on  your  instructor. 

^Record  ail  answers  on  Part  II  of  the  SRB. 

When  you  have  accomplished  all  of  the  frames  in  this  part  of  the 
booklet  you  will  have  satisfied    Se  following  training  objectives: 

,      1.      Prepared  the  vehicle  and  wheel  balancing  components  for  both 
static  and  dynamic  wheel  balancing. 

2.  Identified  t)ie  extent  of  radial  and  lateral  runout  of  the 
wheel  to  be  balanced.  ^ 

3.  Identified  the  wheel  balancing  equipment  components. 

4.  Operated  the  wheel  balancing  equipment. 
Identified  the  heavy  spot  on  the  wheel. 


c 


6.  Computed  the  weight  required  to  offset  the  heavy  spot  on 
the  wheel. 

7.  Installed  the  weights  and  determined  if  the  weights  are 
properly  placed. 

8.  Determined  if  the  weights  installed  are  sufficient  to 
counteract  the  heavy  spot  on  the  wheel. 


r-- 


O  "  '  ■14 
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Frame  IS 


%  ■ 

To  p«rfom  the  wheel  balancing  operetioa.  you  will  need  the^follow- 
iaa  tools  end  equipment.  •  Normally  thia  equipment  should  be  available 
at  tb«  vehicle.  ^.Take  an  inventory  of  the  equipment  to  make  sure  it  3 
all  cohere. 

1.      Alemite  Electronic  Wheel  Balancer »  which  Includes: 

a.      Strobe  lighj^i 

Wheel  spinner, 
c.      Magnetic  pickup. 

'  2       Jack  stand.    NOTE:    At  no  time  will  you  put  jack  stands  .under 
the  vehicle  as  a  safety  measure  during  the  wheel  balancing  operation. 
The  wheel  balancing  operation  is  dependent  on  vibration.   Placing  jack 
stL^  under  the  vehicle  will  reduce  or  nullify  the  necessary  vibrations. 

3.  Hydraulic  floor  jack. 

4.  Wheel  chocks. 

5.  Assorted  weights. 

6.  Weight  installation  and  retwval  tool. 
QUESTION  1. 

Was  all  of  the  equipment  available  at  the  vehicle? 
YES.  -  Proceed  to  Frame  16. 

NO  -  Ask  the  instructor  to  help  you  obtain  the  necessary  tools 
or  equi;9bent . 
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Fran*  16  . 

J  t  - 

Wh«n  you  have  completed  the  tool  inventory,  you  are  ready  to  pro- 
ceed with  the  project.     REMDIBERt  follow  the  instructions  in  this  book- 
let to  the  letter.    Make  sure  that  you  record  your  responses  on  the 
SRB  as  you  complete  each  frame.    This  will  help'  you  keep  track  of  your 
progress.        '  ^ 

Your  first  objective  is  to  prepare  the  vehicle  and  wheel  balancing 
ectulptnent  for  statj'c  wheel  balancing • 

The  llluetrationa  in  this  booklet  refer  to  the  left  side  of  the 
vehicle  in  general  and  to  the  left'fi:ont  wheisi  specifically.    The  pro- 
cedures for  balancing  the  right  front  wheel  are  identical  to  those 
for  balancing  the  left  front  wheel. ^ 

Place  the  wheel  chocks  under  the  rear  wheels  as  shown  in  the 
drawing  below. 


WHEEL  CHOCKS 


QUESTION  2. 

Are  the  wheel  chocks  in  position? 
YES  -  Proceed  to  Frame  17. 

NO  -  Chock  the  wheels  as  shown  in  the  Illustration  above 
If  wheel  chocks  are  not  available,  inform  your 
instrucj^or  * 


16 


Frame  17 


Canter  the  hydraulic  floor  jack  under  the  front  crosamember  of  the 
vehicle  ae  ehown  in  the  iUuatration  below.    Raise  the  vehicle  until 
there  U  'at  leatt  10  inches  of  clearAttca  between  the  front  wheels  and 
the  floor. 


QUESTION  3. 

Are  the  front  wheels  at  least  10  inches  off  the  floor? 

»  v 

YES  -  Proceed  to  Frame  18> 

J 

-  Call  an  instructor. 
Be  sure  to  record  your  response  on  the  Student  Response  Booklet  (SRB) . 


^  - 
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Fr«M  Id 


Check  the  tire  to  be  balanced  for  general  condition.  Look  for 
any  evidence  of  tread  separation*  chujika  of  rubber  missing,  and  for 
air  bubbles  between  the  tire  core  and  trea4. 

QUESTION  4. 

Is  the  tire  in  ^ood  condition? 

YES  -  Proceed  to  Frame  19. 

* 

NO  -  Call  the  Instructor •    He  will  assign  you  to  another 
wheel.    If  this  is  the  case,  you  will  then  have  to 
reaccomplish-Erames  16  and' 17 . 


0 


* 

ft 
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>    Frame  19 

tlotaCft  th«  vhftd  co  b«  bala&c«4'by  hud  and  renova  all  nails, 
rocks »        cakad  oud.    (Uaa  cha  pointad  and  .  of  cha  waight  removal 
aad  iMtaUacion  tool.) 

QUESTION  5.  , 

la  Cha  whaal  to  ba  balanced  frfea  of  nails,  rocks,  and  caked  mud? 
YES  -  Proceed  to  Frame  20. 

NO  -  It  ts  necessary  that  you  accomplish  this  step  for  the 
following  reasons: 

1.  Nails,  rocks  and  cakad  mud  may  fly  off  the  vheel 
whan  it  is  rotating  at  a  high  speed  thereby 
creating  a  safety  hazard  to  you.  t 

2.  Nails,  rocks,  and  caked  4ud  all  add  weight  to  the 
wheel,  theteby  reducing,  or  nullifying  effective 
attempts  at  balancing  the  wheel. 

ONLY  when  your  answer  to  the  above  question  beccoies  YES  may  you 
proceed  to  the  next  frame. 
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FraiM  ^0 

i 

,Remove  all  old  weights  from  the  wheel  to  be  balanced,  both  INSIDE 
and  OUTSIDE.    All  pld  weights  mu«t  be  removed  from  the  wheel  being 
balanced  for  the  same  reasons  as  nails,  rocks,  and  caked  tnud  are 
removed. 

NOTE:    use  the  weight  installation  and  removal  tool  to  remove 
the  weights  as  shown  in  the  illustration  below. 


It  will  be  easier  for  you  to  remove  the  inside  weights  if  you- 
Turn  the  wheel  out  at  the  front. 

QUESTION  6. 

Have  all  old  weights  been  removed  from  the  wheel  to  be  balanced? 
YES  -  Proceed  to  the  next  frame. 

NO  -  If  you  are  having  trouble  in  removing  the  old  weights, 
a«k  your  instructor  to  give  you  a  demonstration. 


3  '  , 


.  .1 
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Frame  21 

Rotats  th«  %ihol  by  hand  and  not*  if  ic, rotates  freely.    If  the 
wheel  doM  not  rocete  freely,  then  the  wheel 'beairlng  may  be  too  tight 
or  the  brake  ahoea  My  be  dragsiAg.    laedjuac  either,  or  both,  if 
oeceaaary. 

QUESTION  7. 

Doea  the  wheel  rotata  freely? 

YES  -  Proceed  ro  the  next  frame. 

NO  -  Readjust  the  brakes  or  the  wheel  bearing  as  the  case 
may  be. 
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22  .    '  ' 

^     Check  th«  Uc«r*l  runout  ( side-to-side  wobble  of  the  wheel)  as 
foUowe:    First,  place  a  Jack  stand  near  the  wheel  as  shown  in  the 
Ulustration'  below.    Then,  rotate  the  wheel  and  no^e  the  jack  stand  to 
ward  the  wheel  rflowly  until  the  jack  stand  and  the  wheel  »ake  contact. 
Th«  distance  between  the  point  on  the  wheel  that  touches  the  jack  ^ 
stand  end  tha  point  on  the  wheel  that  is  farthest  away  from  the  jack 
'stand  when  the  wheel  is  rotated  should  not  exceed  l/8th  inch. 


QUESTION  8. 


tolerance'' 


Does  the  lateral  ranout  of  the  wheel  fall  within  the  l/8th  inch 
r 


YES  -  PROCEED  TO  THE  NEXT  FRAME. 


NO  -  Call  an  instructor.    He  will  assign  you  to  another  wheeL. 
If  this  is  the  case,  you  will  have  to  repeat  Frame  16 
chrough  21  for  that  wheel.  .  ^ 


ERIC 


22 


>  Fra«#  23 

Chttck  th«  r«diAl  rjmout  (out  ot  rpundnaas)  of  th«  wh««l  as  fol- 
lows:   First •  disvt  ch«  jsck  »thttd  to  in  front  of  the  wh««i  as  shown 
In  ths.lltetracloa  b«Xov.    Rotats  th%  w|i««l  by  hand  snd  slovly  aov* 
th«  jack  stand  towsrd  ths  whssX  untli  it  naket  contact  with  th« 
rotating  whaal.    Th«  diatanca  betwaap  tha  poirt  of  contact  and  tha 
farthast  ditftanca  batvcan  tha  whaal  and  jack  stand  should  not  Axcaed 
'l/8th  inch. 


QUESTION  9. 

Does  the  radial  runout  fall  vichin  the  l/8th  Inch  tolerance? 

YES-  -  Remove  the  jack  stand,  then  proceed  to  the  next  frame. 

NO  -  Call  your  instructor.    He  will  assign  you  to  another 
wheel.     If  this  is  the  case,  you  will  then  have  to 
repeat  fraoes  16  through  22  for  that  wheel. 
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FraiM  24 


Look  the  tise  over  carefully. 

QUESTION  10,  * 

Is  Ch«re  a  reference  nark  on  the  tire  already? 

YES  -  Place  the  same  reference  mark  on  the  circle  listed  on 
the  SR£  as  Item  10a. 

•  NO  -  Place  a  reference  mark  anywhere  on  the  tire  using  crayon , 
chalk^-^  masking  tape  as  shown  in  the  illustration  be- 
low.   Then I  make  the  same  mark  on  the  circle  found  on 
your  SRB  as  item  10a.    Then,  proceed  to  the  next  frame. 


Frame  25 

V«hicl«  pr«p»racion  for  wheel  balancing  la  now  complete.    The  fol- 
laprlng  described  etilps  cover  the  procedu^re  for  poaitioning  the  wheel 
balancing  units  for  static  4talancing. 

*  ^^^^^^^^^^^^ 

First,  unwind  the  power  cls^^rd  and  connect  it  to  a  220-volt  ac  power 
Outlet. 

QUESTION  11. 

Is  the  power  cord  connected  to  a  220-volt  ac  power  outlet? 
YES  -  Proceed  to  the  next  fraae. 

NO  ~  Call  the  instructor.    He  will  be  able  to  tell  you  where 
the  nearest  convenience  power  outlet  is  located. 
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Frame  26*     ,         -  • 

Position  the  strobe  light  as  shown  in  Che  illustration  below.  It 

nust  be  positioned  so  fhat  the  flashing  light  beam  will  strike  the. 

wheel  in  the  center.    The  distance  from  the  wheel  to  the  strpbe  light 
should  be  appr(ixlJiiately  12  inches. 


QUESTION  12. 

Is  the  strobe  light  located  in  the  correct  position? 
YES  -  Proceed  to  the  next  frame. 


JO  -  Position  the  strobe  light  in  the  approximate  position 
as  shown  in  the  above  illustration.  It  oply  needs  to 
be  approximate.     Call  an  instructor  if  think  that  yc 

need  assistance. 
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Frame  27 

/  .  Unylad  th«  power  cord,  Condect  Chf  power  cord  co  che  220-volt 
^  ac  outliet.  ^  ^ 

qOS^TIOH  13-  '  *  ^ 

Is  the  power      rd  connected  to  the  220*volt  dc  outxet? 

YES  ^  Proceed  to  the  next  frame. 

NO  -  There  is  only  one  place  where  the  power  cord  can  fit. 
X£  ypu  still  have  trouble*  call  an  instructor. 
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Franm  28 


Cauulon:     Read  al3r  the  instructions  below  before  perforaing  the 
tasici 

Place  the  magnetfc  pickup  unit  under  the  vehicle  as  shown  in  the 
Ulu^ration  below.  .  "Extend  the  telescoping  stem  of  the 'magnetic  pi*ck 
up  until  It  "sticks"' to  the  lower  control  arm  as  near  the  wheel  as 
possible.    Lock  the  telescoping  stem  into  position  by  tightening  the 
lock  screw  on  the  stem. 


MAGNETIC 
PICKUP  HEAD 


MAKE  SURE  THAT  THE  POWER  CORD  IS  NOT  UNDER  THE  WtlEEL. 
QUESTION  14. 

Is  the  magnetic  pickup  unit  located  in  the  position  as  shown  in 
the  illustration  above? 

YES  -  Proceed  to  the  next  frame. 

NO  -  Call  an  instructor  ^or  help. 
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Fraine  29 


Uook  at  the  strobe  light  switch;    It  should  be  in  the  regular 
position  a.  .hown  in  the  illuatration  below. 


QUESTION  13. 

Is  the  strobe  light  switch  in  the  '^regular"  position? 
YES  -  Proceed  to  the  next  fraine. 

NO  -  Move  the  switch  .until  it  looks  like  the  switch  shown 
the  Illustration  above. 
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the  top  of  the  tire  with  your  hand. 
QUESTION  IC  ,^ 
Did  the  strobe  light  flash? 

YES  -  On  you  go,  to  the  next  frame.  ^ 

NO  -  Wait  about  one  minute  and  tap  the  top  of  the  tire  again. 
If  the  light  did  not  flash  this  tljne,  proceed  as  directed 
in  the  procedure 'outlined  below. 

Make  the  following  checks  if  the  strobe  light  still  did  not  flash: 

1.  Is  the  strobe  light  switch  in  the  regular  positlV'?  * 

2.  Is  the  strobe  light  power  cord  connected  to  a  220-volt  ac 
power  outlet?  — , 

3.  Is  the  magnetic  pickup  in  contact  with  the  lower  control  arm 
as  near  the  wheel  as  possible? 

4.  Call  an  instructor,  you  may  have  a  defective  unit. 
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Plac*  thm  whtel  spinner  In  position  as  shown  in  the  illustration 
balov.  '  ' 


MAKE  SURE  THAT  THE  POWER  CORD  DOES  NOT  GET  UNDER  THE  WHEEL, 
QUESTION  17 • 

Is  the  wheel  spinner  In  position  and  is  the  power  cord  connected 
to  a  220-volt  ac  power  outlet? 

YES  -  Proceed  to  the  next  frame* 

NO  -  Call  an  instructor.     He  will  show  you  where  the  nearest 
220-volt  ac  power  outlet  is  located. 
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frm  32 


With  chl«  booklet  in  hand,  face  the  front  of  the  vehicle  and  com- 
pare the  equipment  position  with  that  showr.  in  the  illustration  below. 


MAGNETIC 
PICKUP 


STROBE 
LIGHT 


QUESTION  18. 

Are  all  units  in  the  correct  positions? 
YES  -  Proceed  to  the  next  frame. 

NO  -  Adjust  as  necessary,  or  call  an  instructor  if  it  is  not 
possible  to  arrange  the  equipment  as  shown. 


ERIC 


32 


Fraae  53 


Cauclon:    RMd  «X1  ot  cha  Inicructlons  given  BEFORE  performing 
ch*  task. 

1.  Position  yourself  to  one  iid*  of  the  wheel  a«  shown  in  the 
illustration  below. 

2.  Rotate  the  wheel  by *hand  toward  the  front  of  the  vehicle 
(the  direction  that  the  wheel  would  rotate  if  the  vehicle 
were  noving  forward) . 

3.  Turn  the  control  switch  of  the  wheel  spinner  to  the  ON  posi- 
tion and  push  the  wheel  spinner  toward  the  wheel  until  it 
makes  good  contact. 

4.  Allow  the  wheel  spinner  to  "rev  up"  the  wheel  until  the 
spinner  has  reached  maximua  speed. 

5.  Pull  the  wheel  spinner  away  fra«  the  wheel  during  the  time 
the  unbalanced  reading  is  taken.  , 

6.  Make  sure  wheel  spinner  brake  shield  covers  spinner,  then 
gently  apply  brake  shield  to  tire  with  a  firm  steady  pressure 
until  the  wheel  cooes  to  a  complete  stop. 


QUESTION  19. 

Did  you  spin  the  wheel  and  stop  it  with  the  wheel  splnnei? 

YES  -  Proceed  to  the  procedure  described  below. 

NO  *  Ask  your  instructor  to  give  you  a  demonstration. 

Caution:    Read  all  the  statements  below  completely  before 
attempting  performance  of  this  task. 

1.  Using  tha  \^«al  splnnar,  spin  the  wheel  as  you  did  in  the 
last  fraaa» 

2.  VJhen  the  wheel  spinner  has  reached  its  maximum  RPM,  pull  it 
away  from  the  wheel  and  turn  it  off. 

3.  While  the  wheel  is  spinning,  step  behind  the  strobe  light  and 
observe  the  needle.    As  the  wheel  loses  speed,  the  strobe  light  needle 
will  start  to  descend  after  reaching  a  high  point.    As  the  wheel  con- 
tinues slowing  down,  the  needle  will  start  to  rise  a  second  time.  When 
the  needle  has  reached  its  highest  point  the  second  time,  note  the 
position  of  the  reference  mark  on  the  wheel.    It  may  appear  anywhere 
around  the  circumference  of  the  wheel  but  it  will  appear  to  be  stationary. 

4.  Repeat  item  3  above.     Remember,  you  are  looking  for  two  things: 

a.  The  highest  point  the  needle  reached  during  its  second 

rise. 

b.  The  location  of  the  ref erence'mark  on  the  wheel  at  the 
time  the  needle  reached  its  highest  point  during  its  second  rise. 

5.  After  you  have  these  two  things  in  mind,  record  them  on  the 
SRB  as  follows: 

J    a.      Mark  the  position  of  the  reference  mark  as  it  appeared 
on  the  wheel  when  the  strobe  light  needle  reached  its  highest  point 
during  its  second  rise. 

b.      Place  an  "X"  in  the  division  on  the  illustration  on  your 
SRB  that  represents  the  highest  point  the  needle  reached  during  its 
second  rise. 

6.  Use  the  wheel  spinner  to  stop  the  spinning  wheel. 

7.  Proceed  when  you  can  without  referring  to  these  instructions. 
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Frn«  35  3 


qUSSTIOM  20. 

Did  yoii  m§km  th«  MCMtary  rscording  on  your  SRB? 

YES  -  Procoftd  to  the  procedere  described  below. 

NO  -  Reed  the  Instruction*  again.    If  you  cannot  perform  the 
task,  call  an  instructor. 

Position  the  wheel  so  that  the  reference  mark  appears  as  for 
frame  34,  paragraph  3. 

Look  at  your  SRB.    Make  the  necessary  entries  in  the  spaces 
provided  for  items  19  (5A)  and  19  (5B) .    Do  this  now. 

Look  at  the  scale  on  item  19  (5B)  of  your  Student  Response  Booklet. 

ReiMmber,  mid-position  on  either  scale  indicates  the  need  for 
approximately  three  (3)  ounces  of  weight.  Now,  determine  frooi  ths 
indication  shown  during  frame  34,    how  much  weight  must  be  added. 

The  heavy  spot  on  the  wheel  when  the  reference  mark  is  in  the 
position  as  indicated  on  frame  34  is  at  the  6  o'clock  position.  The 
weight  must  be  installed  at  the  12  o'clock  position. 
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Fram  36 


If  th«  tocal  w«lghc  raquir«d  It  three  (3)  ouncti  or  oore,  divide 
th«  w«lght  by  2  and  Inatall  half  of  tha  w«ight  on  the  tnaida  of  tha 
wheal  rim  and  half  of  tha  weight  on  the  outside  of  tha  rla  in  the 
12  o'clock  poaition. 

a 

Ttirn  tha  wheel  out  at  the  front  when  installing  tha  weight  a  on 
tha  inaida.    katum  tha  wheel  to  its  original  position  after  the  in- 
side weight  has  been  installed. 

Using  the  weight  installation  and  removal  tool,  the  clip  of  the 
weight  la  crimped  as  shown  in  the  illustration  below. 


WEIGHT 


Now,  install  the  weight(s). 

Use  the  weight  removal  tool  as  a  hammer  and  drive  Che  weight  cl 
over  the  wheel  rim  in  the  desired  location. 

Make  certain  that  the  weight  is  fastened  to  the  wheel  rim  tight 
enough  so  that  it  will  not  fly  off. 

After  you  have  done  this,  proceed  to  the  next  frame. 
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Frame  37 

If  thm  w«ight  should  fly  off  the  rim  while  the  wheel  is  spinning 
AC  A  high  mp—d  it  eoul4  cause  ssrious  injury  tooths  operator  of  the 
^t.'hteX  balancer  or  to  any  spectator  standing  in  line  with  Che  wheel, 
so  —  go  back  and  hit  those  weights  again  to  make  sure  it  is  securely 
fastened. 

QUESTION  21.  ■ 

A 

/Xfie  the  weights  on  as  tight  as  you  can  gee  them? 

» 

YES  -  Proceed  to  the  next  frame. 

NO  -  Hake  certain  they  are  on  tight  for  your  own  safety. 


QUESTIOK  22.  • 

Have  you  been  recordiUii  all  of  yoiir  responses  on  your  SkB? 


J 
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t  Frane  37 

If  th«  wtlght  should  fly  off  ch«  rl»  uhil«  the  wheel  ia  spinning 
at  A  high  sp***!  it  could  c*uaa  ^ertou*  injury  to  the  operator  of  the 
\ihe«l  b«X«DS«t  ot  to  any  tpAc cater  ttaadins  in  line  with  the  Wheel* 
eo  —  go  back  and  hit  those  weights  again  to  Isake  sure  it  is  securely 
fastened. 

qUESTIOH  21. 

Are  the  weights  on  as  tight  as  you  can  get  them? 
YES  -  Proceed  to  the  next  frame. 

NO  -  Make  certajii  they  are  on  tight  for  your  own  safety. 


QUESTION  22. 

Have  you  been  recording  all  of  your  responses  on  your  SRB? 
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TOP 


BOTTOM 

Look  at  the  diagram  on  item  23a  of  your  SRB  and  compare  the 
position  of  the  weight  with  the  illustration  shown  above.  Then, 
proceed  to  the  next  frame. 
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Frama  40 

As  a  result  of  the  instructions  contained  in  the  illustration  be- 
low, you  would  be  shifting  the  weights  and  spinning  the  wheel  'oncll 
chAt  wh««l  was  in  balance.    This  is  a  time-consuming  operation.  In 
actual  operations  you  are  allowed  to  shift  the  weight(s)  only  once. 
Aftar  you  hava  shifted  the  weight  you  must  spin  the  wheel  again.  Then, 
you  must  note  the  position  of  the  weight  when  the  strobe  light  needle 
reaches  its  highest  point  during  its  second  rise. 

Remember ,  you  may  shift  the  weight  only  one  tine  and  then  you  must 
proceed  to  the  next  frame. 


TOP  • 


BOTTOM 


Fram«,41 

Th«  equipm«nt  and  the  vehicle  arc  prepared  for  dynamic  wheel 
balancing  as  follows: 

First,  turn  the  wheel  approxiaataly  20  degrees  out  at  the  front 
as  shown  in  the  illustration  below. 


QUESTION  24. 

Is  the  wheel  co  be  balanced  in  the  same  apprpximate  position  at 
chat  shown  in  the  illustration  above? 


YES  -  Proceed  to  the  next  frame. 


NO  -  Call  an  instructor  for  assistance. 
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Franks  42 

Hext,  position  the  magnfetlc  pickup  as  shown  in  the  drawing  l>elow. 
Make  sure  that  the  magnetic  pickup  is  at  the  same*  height  as  the' spindle 
and^  near  th«  front  edge  of  the  brake  backing  plate  aa  possible. 

SAFETY  NOTE:  Make  sure  that  the  power  cord  is  not  under  the  wheel 
Next,  tap  the  front  edge  of  the  wheel. 


QUESTION  25. 

Did  the  strobe  light  flash  when  the  front  edge  of  the  wheel  was 
tapped? 

YES  -  Proceed  to  the  next  frame. 

NO  -  Readjust  the  magnetic  pickup.     If  you  cannot  get  Che 
strobe  light ^to  flash,  call  an  instructor. 


Frame  43 


M«xt,  align  th«  whMl  spinner  and  th«  strob«  light  with  the  wheel 
as  shown  in  the  drawing  below.    Make  certain  that  no  power  cords  are 
Xaft  uiMier  the  wheel. 


QUESTION  26. 

Are  all  units  in  positions  as  shown  in  the  illustration  abdve? 
YES  -  Proceed  to  the  next  frame. 

NO  -  Call  an  instructor  if  you  are  having  trouble. 
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Caution:    Read  all  of  the  following  Instructions  carefully  before 
attempting  to  spin  the  wheel. 

The  wheel  will  tend  to  tkirn  outward  when  the  wheel  spinner  is 
applied.    It  may  be  necessary therefore,  to  apply  the  ^rtie^i  spinner 
at  a  slight  anglei.one  that  is  sufficient  to  counteract  the  outward 
wheel  movement. 

Spin  the  wheel  by  hand  and  get  it  rotating.    Turn  the^^rheel 
spinner  on  end  apply  it  carefiully  to  the  wheel. 

When,  the  wheel  spinner  has  reached  its  maximum  speed,  pull  it « away 
from  the  wheel  and  turn  It  off.    Observe  the  needle  on  the  strobe 
light  scale.    When  the  needle  reaches  its  highest  point  during  the 
second  riae»  note  the  position  of  the  reference  mark  on  the  wheel* 
Record  the  position  o£  the  reference  mark  on  the  wheel  in  the  circle 
pi^ovided  on  your  SR&i    Record  the  highest  reading  of  the  needle  on  the 
diagram  provided  on  your  SRB, 

Apply  the  wheel  spinner  and  stop  the  wheel. 
QUESTION  27. 

Did  Che  needle  stay  in  the  GREEN  ^rea^of  the  scale? 
YES  -  Proceed  to  frame  49.  ^ 
NO  -  Proceed  to  frame  45. 
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FrwM  AS 


Position  tht  wh««l  with  th«  r«f«r«nc«  nark  in  the  position  as  shovm 
on  the  drcls  for  27*  on  your  SRB. 


Look  St  your  SRB.    Hak«  ths  oscfMary  s^trlss  in  ths  spacss  pto- 
vldsd  for  itcflw  27a  and  27b. 

Look  St  ths  scsls  on  Itsa  27b  of  yocr  SRB.    Nots  ths  highsat  reading 
of  ths  nssdls  op,  ths  diagram  provldsd.    Dstsrmlns  the  amount  of  weight 
required  to  correct  the  dynamic  unbaXsncs  condition. 

Enter  ths  weight  required  In  ths  space  provided  as  item  27c  on  your 


SKB. 


Pipes  one-half  of  this  total  weight  on  the  inaide  front  of  the 
wheel  aJid  the  other  one-half  of  the  total  weight  on  the  outside  rear 
of  the  whssX  ss  shown  in  the  draiwing  below. 


WEIGHT 
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QUESTION  28. 

Are  the  weights  installed  tn  the  positions  shown  in  the  drawing 
above? 

YES  -  Proceed  to  the  next  frame. 

NO  -  If  you  are  not  sure,  call  an  instructor. 
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Sow,  go  b«ck  and  hit  each  weight  again  with  the  weight  removal 
and  installation  tool. 

MAKE  SURE  THAT  THOSE  WEIGHTS  WILL  NOT  COME  OFF! ! ! 
QUESTION  29. 

Are  all  those  weights  on  as  tightly  as  you  can  get  them? 


YES  -  Proceed  to  the  next  frame. 


"NO  -  Call  an  instructor. 


r 
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Spi^  Ch«  whttftl  agAln  with  ch«  wh««X  ap Inner. 

Obflttrvs  th«  posi'clon  of  Ch«  weight*  when  the  n«e41«  on  the  strobe 
Il^t  ecele  reeehee  Ite  highett  point  daring  the  seeond  rise. 

Record  Che  position  of  the  weights  on  the  diegrem  on  your  SRB 
30e  ee  it  altered  on  the  wheel  %ihen  the  needle  reached  its  highest 
point  during  its  second  rise. 

Apply  the  wheel  spinner  and  stop  rotation  of  the  wheel. 

Mote:    If  the  needle  remained  In  the  GREEN  area  of  the  icele, 
then  the  wheel  is  dynamicelly  balanced. 

QUESTION  30. 

Is  the  wheel  dynamically  balanced? 

YES  -  Proceed  directly  to  frame  49. 

NO  -  Proceed  to  frame  48. 
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Fruu  48 

Look  at  the  diagram  on  your  SRB  that  you  filled  In  frott  item  30a. 
Notice  the  location  of  the  weight  and  compare  chat  position  with  the 
illustration  shown  below. 

Follow  the  instruct ions  on  the  diagram.    Depending  upon  the  loca- 
tion of  the  weight,  you  nay  have  to  ahift  the  weight,  install  heavi^er 
or  lighter  weights. 

In  any  event,  you  will  have  to  spin  the  wheel  again  to  determine 
if  this  adjustment  affects  the  sc&le  reading. 

Note:    If  you  mu»t  add  weight  'or  subtract  weight,  be  sure  to 
place  the  new  weights  in  the  ssme  spots  as  those  removed. 

Spin  the  wheel  again  after  making  your  change  and  observe  the 
position  of  thf  weights  as  the  wheel  is  spinning. 

Apply  the  wheel  spinner  and  atop  the  rotation  of  the  wheel. 


\ 


\ 


QUESTION  31. 


Did  the  needle  remain  in  the  GREEN  portion  of  the  scale: 


YES  -  Proceed  to  frame  49. 
NO  -  Proceed  to  frame  49. 
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FraiM  A9 

IF  YOU  HilVE  NOT  STOPPED  THE  WHEEL,  DO  f,0  NOW! 
'X.     Turn  cb«  ivlteh  to  th«  OFF  pwslcloa* 

2.  Dlsconntct  ch«  power  cord  and  wind  Ic  up  in  cha         toanner  as 
you  found  it  at  th«  bttginnlns  of  ehla  pro j act. 

3.  ilaadjuat  t^a  braka  if  you  had  to  back  It  off  aarllar  in  tha 

pro j act.  \  V 

4.  Raturn  tha  atroba  light,  vhaal  apinner,  and  cha  nagnatic 
pickup  to  tbair  raapactiva  itoraga  areaa.  .4, 

« 

5.  Straightan  tha  front  whaaXa. 

6.  Ralaaaa  tha  hydraulic  jack  and  raturn  it  to  ita  propar 
storaga  araa. 

7.  Baoova  tha  chocka  fron  tha  raar  whaala  and  return  tham  co 
their  atoraga  araa. 

8.  Return  all  toola  to  thair  storaga  araa,  or  to  tha  inatructor. 

UBEN  ALL  OF  THE  ABOVE  OPERATIONS  HAVE  BEEN  COMPLETED.  RETUWJ 
THIS  BOOKLET  AND  YOUR  SRB  TO  THE  INSTRUCTOR  AND  OBTAIN  YOUR 
VJXt  PROJECT. 
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FOREWORD 


This  prograwd  text  was  dt»ign«d  for  use  In  the  3ABRA7330, 
Autonotive  Repainimn  Course.    It  was  validated  by  30  students  enrolled 
In  ehat  course  in  196A  and  has  proved  to  be  successful  since  that  tlae. 


OBJECTIVES 


Upon  completion  of  this  progranmed  text  you  will  be  able  to 
accomplish  the  following  objectives  v4th  851  accuracy. 

1       Given  a  liat  of  steering  factors  and  illustrations  of  the 
steering  factors,  match  each  steering  factor  to  the  correct  lUuatratlon. 

2.  Given  a  list  of  statements  defining  steering  factors  and  a 
list  of  steering  factors,  match  each  steering  factor  to  the  correct 
definition.  { 

3.  Given  a  list  of  units  of  measurements  and  a>ist  of  steering 
factors,  match  each  steering  factor  to  the  correct  uijit  of  measurement. 

INSTRUCTIONS 

Read  Che  information  in  each  frame  and  answer  the  question  or 
questions 'following  the  fr^e.    Write  your  response  on  a  separate  sheet 
of  paper.    When  you  have  responded  to  a  question,  check  your  response 
against  the  correct  response  which  is  usually  at  the  top  of  the  page 
following  the  question  page.    If  you  make  an  incorrect  re«Pon".  reread 
the  frame  to  see  why  the  correct  response  as  given  la  preferably  Then, 
change  vour  response  to  agree  with  the  one  given  in  the  program. 
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.     \.  'I  FrflM  1 

.T«p  tt««ri&g  fActorr  d««l  with  th«  tUt  of  «  vh««X.    On«  of  thM« 

factors  1«  "camber."  ( 

CaBb«r  i»  th#  'inward  or  outward  ttlt  of  a  wh««l  «t  tha  top.  Wl>i4i 
a  whaaX  tUti  Inward,  this  U  nagatlva  c«*«r.    Whan  a  wh««l  tUta  out- 
ward/ thli  It  poattlva  cmbar. 

Look  at  tha  illuatrations  below.    In  each  Uluatration  th.»  Itna 
labeled  "0"  rapreaaala  ^ha  vertical.    Tha  imlabelad  lln«  rapr«»ente  the 
cantar  line  of  tha  whSel.    Datarmlne  which  way,'  inward  or  outirard.  each 
wheel  IB  tilting,  than  answer  tha  queetlona  foOi^d  balow  tha  iauatration. 


Figure  1 


Figure  2 


Mark  "a",  "b",  or  "c"  in  the  appropriate  places  to  correctly 
coBplece  the  following  statements. 


1.  Figure  1  shows 

2.  Figure  2  shows 


a.  negative  camber. 

b .  no  camber . 

c.  positive  camber. 


40  , 
1 


f 


Frame ^  2  ^ 

Correct  responses  co  previous  questions: 
1-  c 

2.  a 

Place  '*a'\  "b''  or  "c"  in  the  blank  to  complete  the  following 
statements : 

3.  The  inward  or  outward       a.  camber, 
tilt  of  a  wheel  at 

the  top  i3>  ^  b*      negative  camber, 

^,      The  inward  tilt  of  a         c.      positive  camber, 
wheel  is   

5.      The  outward  tilt  of 
a  wheel  is 


^6^ 


Not«:  Th€  «n«i»«ra»  to  thtt  quMtlotui  on  Fr«M  2  will  b« 
found  AC  th«  top  of  FrsM  3. 


/ 


3  i  ?  , 
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Frame  3 


Ansi^Cta  to  Frame  2:  ^  ^ 

3.  ' 

4.  b. 

/ 

5.  c.  f  ' 

The  other  steering  factor  dealing  with  the  tilt  of  a  wheel  is 
known  as  *'caster." 

Caster  is  the  backward  or  forward  tilt  of  the  steering  knuckle. 
When  the  knuckle  tilts  backward^  this  is  positive  caster.    When  the 
knuckle  tilts  rorward»  this  is  negative  caster* 

Look  at  the  Illustrations  below.     In  each  illustration  the  line 
labeled  "0"  represents  the  vertical.    The  unlabeled  line  represents 
the  center  lime  o^f  the  wheel  as  drawn  through  the  center  of  the  steering 
knuckle.     Determine  which  way  each  wheel  is  tilting  and  answer  the 
questions  asked  below  the  illustrations. 


FigLre  1  Figure  2 

V 

6.      Figijre  1  shows   .  a.      negative  caster. 


7.      Figure  2  shows   .  b.      no  caster. 


c.      positive  caster. 


4 


Note:  The  correct  enaweri  to-  Fme.3  will  be  found  on  the 
top  of  Freae  5. 

Conplete  the  eteteBeAts  below. 

8.      The  backward  or  forward  a.  caster, 

tile  of  the  steering 

knuckle  is   .  b.  caaber. 


9.      The  inward  or  outward 
tUt  of  a  wheel  at  the 
top  Is   . 


Frame  5 

Correct  responses  for  questions  6  through 

6.  c.  ■ 

7.  a. 
'  8.  a. 

9.  b. 
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Ifteteb.thft  sCMrlng*  factors  with  th«  correct  illustr*tioii  by 
entering  the  Appropriate  latter  to  coaplate  tbc  stataaehta  gl-wn 
below  tha  llluacraclona. 


FRONT 


Figure  1 


Figure  2 


Figure  3 

10.  Figure  1  shows 

11.  Figure  2  shows 

12.  Figure  3  shows 

13.  Figure  4  shows 


Figure  4 

a.  negative  caaber.' 

b.  negative  caater. 

c.  positive  camber. 

d.  positive  caater. 


7 


frmut  6 


Match  Che  steering  factors  with  the 'correct  illustration  by 
entering  the  appropriate  letter  ao  complete  the  stateasnts  given 
below  the  illustrations. 


FRONT 


FRONT 


Figure  1 


Figure  2 


Figure  3 

10.  Figure  1  shows 

11.  *    Figure  2  shows 

12.  Figure  3  shows 


13.     Figure  shows 


Figure  A 

a.  negative  camber. 
k 

b.  negative  caster. 

c.  pDsitlve  camber. 

d.  positive  caster. 


.1 
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MftCch  th«se  definition*  with  the  proper  term: 

16.  Th«  backward  or  forward  tilt  of  the 
steering  knuckle.   . 

17.  The  difference  in  distance  between 
the  front  and  the  rear  of  the  tire» 
*d.th  the  wheels  straight  ahead.   ^. 


18.    The  inward  or  outward  tilt  of  a 
wheel  at  the  top.   . 

Complete  the  statements  below  the  Illustrations. 


Figure  1 

19.  Figure  1  shows 

20.  Figure  2  shows 


.Prama  8 


t. 

camber. 

b. 

^ster. 

c. 

toe. 

Figure  2* 
a.  camber* 
b*  caster, 
c.  toe-in. 


^  toe-out. 


4  ')  . 
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Fraae  9 

Correct  responses  for  questions  14  through  20. 

14.  ,  d. 

15.  c. 

16.  b. 

17.  c. 
13.  a. 

19.  c. 

20.  d. 

The  fourth  steering  factor  is  "steering  axis  inclination."  This 
Is  the  amount  (in  degrees)  that  the  upper  kingpin  is  tilted  Inward. 

Look  at  Che  illustrations  below,  then  answer  the  question  below. 


Figure  1  Figure  2 

21.    Which  of  the  figures  above  shows  steering  axis  Inclination? 
a.      Figure  1. 


b.      Figure  2, 


^  ■  1 


10 


Correct  r«apon««  co  FriM  9. 

21.  b. 

Match  ch*  tUttMnts  btXow  vlth  ch*  ttn  dMcrlb«d. 


Trm*  10 


22.  Th«  aaount,  in  d«gr«M,  that  tha 
uppar  cod  of  th«  klnfpin  is  tllttd 
ljw«rd.'  .  - 

23.  The  fotvard  or  b«ckw«rd  tilt  of 
chtt  •tMrlng  knuckla.   . 

24 .  Th«  dlf  f •rcDcs  ^  dlstanc*  b«C«««n 
Ch«  front  and  r«Ar  of  thm  tlx— 
with  the  wheels  sfccAight  eheed. 


b. 


c. 


cester. 

steerinf  axis 

inclination. 


d.  toe. 


25.    The  iQvard  or  outward  tilt  of  a 
wheel  at  the  top.   . 


1  • 


11 
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Fratae  11 


Correcc  rtaponse  co  questiona  22  through  23: 


a. 

c  • 
d. 


c. 
d. 
d. 
a. 


The  last  ateerlng  factor  la  ''steering  geometry*'*    thla  la  Che 
difference  In  turning  radius  of  the  front  wheels*    Proper  steering 
geometry  la  achieved  when  the  Inside  wheel  In  a  turn  tends  to  make  a 
circle  smaller  then  the  outside  wheel « 


For  e3(«mple:    If  the  outside  wheel  In  a  turn  makes  an  arc  of  24^ » 
the  Inside  wheel  should  make  an  arc  of  about  28*" •    The  larger  the 
number  of  degrees  of  arc^  the  smeller  the  circle. 

Look  at  the  Illustrations  below,  then  answer  the  questions  found 
on  the  top  of  the  next  frame. 


Figure  1 


Figure  2 


14^ 


Figure  3 


Figure  4 


A  n 
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> 

Frw  12 

fior  jiach  of  zh*  ttAt«mt«  b«Xov»  terk        for  gt^w  «a4 
for  laptffpT  in  ch«  approprlACt  ■pac*. 

26*  Figure  1  •hairs   stMrlng  g«ott«try. 

27.  Figure  2  slidM'   st«€rlng  g«oMitry« 

28.  Figure  3  ihows   steering  ge&netry. 

29.  Figure  4  shove  ^         eteering  geottstry* 

KDravings  ere  on  pege  12.) 


I 


13 


> 

) 


I 


Frame  13 

CorrttCC  responses  to  questions  26  through  29.  ^ 

y 

26.  a.  1 

27.  a. 

28.  b. 

29.  b. 

Match  the  steering  factors  in  the  right-hand  colunn  to  their 
definitions  In  the  left-hand  column. 

30.  The  amount  in  degrees  that  the 
upper  end  of  the  kingpin  is 
tilted  inward.   . 

31.  The  backward  or  forward  tilt  of 
the  steering  knuckle.   . 

32.  The  difference  in  distance  be- 
tween the  front  and  the  rear  of 
the  tires  with  the  wheels 
straight  ahead.   . 

33.  The  difference  in  turning 
radius  of  the  front  wheels. 


a .  camber . 

b .  caster . 

c.  steering  axis 
inclination. 

d.  steering  geometry. 

a 

e.  toe* 


34. 


The  Inward  or  outward  tilt  of 
3  wheel  at  the  top.   . 


Itmm  14 


The  llXustrationa  belov  show  positive  end  negAClvt  e«aber.  T|m 
iniMrd  or  outwmrd  aovMMat  of  ch«  cop  of  ch«  vIimX  1&  oIumii  m  #o  stfiy 
degrees  from  the  vertical.    Caster  Is  also  measured  In  degrees »  but  In 
chls  case  It  Is  a  forvard  or  rearward  angle  from  the  verticals  Answer 
Che  question  below  the  Illustration. 


35 «    Both  camber  and  caacer  are  measured  in  (circle  the  correct  response), 

a,  centimeters  or  millimeters. 

b.  degrees  of  a  circle, 
c*      fractions  of  an  loch* 

Look  at  the  Illustration  belov  then  answer  the  question. 


36.    Since  steering  geometry  is  defined  as:    Vthe  difference  In  tumlag 

radius  of  the  front  wheels »  **how  would  steering  geometry  be  measured? 
(Circle  the  correct  response.) 

^.      In  centimeters  or  millimeters, 
b.      In  degrees  of  a  circle. 


c.       In  fractions  of  an  inch. 


Frame  13 

Correct  responses  for  questions  30  through  36: 

30.  c. 

31.  b. 

32.  e. 

"33.  d . 

34  .  a . 

35.  b. 

36.  b. 

Look  at  the  Illustration  below,  then  answer  the  question  under  it. 


Since  toe  is  the  difference  In  actual  distance  between  the  front  of 
the  tires  and  the  rear  of  the  tires  with  the  wheels  straight  ahead, 
toe  is  measured  in   * 

d.       centimeters  or  millimeters. 

.       degrees  of  a  circle. 

c,       tractions  of  an  inch. 


ERIC 
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Fr«M  16 

Lifltftd  below  at  cha  left  are  the  steering  factors  at  the  right 
are  units  of  neasureaent.    Hatch  the  steering  factor  with  its  proper 
unit  of  measuroent.    Each  aaasureaent  -way  be  used  as  many  ciaee  as 
necessary.    Some  aaasureaents  may  not  be  used  at  all. 

38,    CAmber.   .  a*      Centiaeters  or  mllllaeters. 


39.    Caster.   b«      Degrees  of  a  circle. 


40.  Steering  geometry.   •  c.      Fractions  of  an  inch. 

41.  Toe-in.   . 


17    ^  '  ^ 


Frame  17 

Correct  answers  for  questions  37  through  41: 

37.  c. 

38.  b. 
/39.  b. 

/    40.  b. 

41.  c. 


Match  the  steering  factors  with  the  correct  illustration  by  entering 
:he  appropriate  letter  to  complete  the  statements  below  the  illustration. 


11 


Figure  1 


Figure  2 


Figure  3 

42.  Figure  1  shows 

43.  Figure  2  shows 
4^.  Figure  3  shows 
45 •     Figure  4  shows 


Figure  4 

a.  negative  camber. 

b.  negative  caster* 

c.  positive  camber* 

d.  positive  caster. 


ERIC 
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18 


Hatch  th«  iCMrlns  factor  la  th«  right-hand  colum  balow  w^th  th« 
corract  dafiaitioa  aa  givaa  tn  tha  laft-Hand  colum.    B»cord  your, 
attflwara  in  tha  appxopriaca  apaca. 


A6. 


47. 


48. 


49 


Tha  aaount  in  dagraaa  that  the 
uppar  and  of  tha  kingpin  or 
ataaring  knuckla  aupport  arm 
la  tiltad  Ixnrard.   . 

The  backward  or  forward  tilt  of 
the  atearlng  knuckla  pivot  pioa. 


The  difference  in  diatance  be- 
tween the  front  and  tha  rear  of 
the  tiraa  with  tha  whaala 
straight  ab4ad.   . 

The  differauca  in  turning  radiua 
of  the  front  whaala.   . 


50.    The  inward  or  outward  tilt  of  a 
wheel  at  the  top,   . 


a .  canbar . 

b.  caatar. 

c.  steariiig  azla 
inclination. 

d.  steering  gaoaatry. 

e.  toe. 


Correct  responses  for  questions  42  through  50 


42.  b. 

43.  d. 

44.  a. 

45.  c. 

46.  c . 

47.  b. 

48.  e. 

49.  d. 

50.  a. 
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FOREWORD 


This  programmed  text  was  designea  for  use  m  the  Automotive  R^i  airman 
Course.  3ABR47330.    It  was  validated.ljy  30  students  enrolled  in  that  coarse 
in  19t)4  and  has  proved  successful  since  that  time. 

OBJECTIVES 

Upon  completion  of  this  prog rammejd'^ext  you  -.vill  be  aole  to  accomplish  the 
following  objectives  with  85'o  accu|/acy. 

1.  List  the  types  of  automotive  springs. 

2.  Given  a  diagram  of  a  leaf  spring  r-abel  the  components. 

3.  List  the  types  of  automotive  shock  absorbers. 

INSTRUCTIONS 

This  text  presents  informatiorTTrrsteps  called    frames.  "    In  each  step 
you  will  be  required  to  respond  in  some  manner:    TRUE  or  FALSE,  answer 
questions,  fill  in  the  blanks,  etc.    Use  a  piece  of  paper  or  a  card  as  a  mask 
to  cover  the  printed  material.    Slide  this  mask  down  the  page  until  you 
expose  the  slashes    {1 1 1 1 1 1 1  fl  1 1 1 1 1 1 1 1 1 1 D-    One  step  is  now  exposed  for 
your  viewing.     Read  the  material  presented  and  make  your  responses  to 
the  problems  presented.    After  you  have  responded,   slide  the  mask  down 
and  compare  your  answer(s)  with  the  correct  one(s)  given.    If  your  answers 
are  correct,  go  on  to  the  next  frame;  if  you  are  wrong,  go  back  and  read 
the  part  on  which  you  made  the  mistake  and  reason  out  the  correct  answer. 
If  you  have  any  questions  or  problem.s,  ask  your  instr^ictor .    After  completing 
one  frame,  proceed  to  the  next  one  until  you  complet«  this  entire  text. 

Proceed  to  the  trame  un  tht-  top  of  the  next  pace. 
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-SPRING  EYE 

MAIN  LEAF 

REBOUND  CLIPS 


BUSHINO 


Springs  are  required  to  provide  a  flexible, support  for  the  vehicle  and  its 
load.    There  are  several  kinds  of  vehicle  springs,  but  the  nnost  common  are 
the  "Kaf  spring"  and  the  "coil  spring.  '  * 
The  accompanying  figure  shows  a  leaf 
spring  assembly,  whi/ch  is  constructed 
of  a  number  of  steel  "leaves"  strips. 
The  leaves  are  held  together  by  a 
center  tie  bolt  and  a  number  or  rebound 
clips.    You  should  notice  that  the  ends 
of  the  master  leaf  are  rolled  into  "eyes" 
so  as  to  provide  a  means  for  attaching 
the  spring  to  the  vehicle  frame.  These 
eyes  contain  a  bushing.    The  center 
bolt  fits  into  a  recess  at  the  axle  (housing) 
to  provide  the  means  of  "centering"  tke 
axle  to  the  sprin*^  and  hold  the  two  in  * 
alignment. 


CEZTTER  BOLT 


Answer  each  of  the  following  questions.    Refer  to  the  figure  above  if 
neces  sary . 


1.      What  is  the  purpose  of  automotive  springs 


What  holds  the  leaf  spring  assembly  together? 


3.     What  centers  (aligns)  the  leaf  spring  to  the  vehicle  axle 


4.      What  is  the  name  of  the  longest  leaf  of  the  spring  ? 


I n 11 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 


1 . 


3. 
4. 


To  provide  a  flexible  support  (or  the  vehicle  and  its  load. 
A  center  bolt  and  ^rebound  clips. 
The  center  bolt. 
The  master  leaf. 


SPRING 
HANGER 


SHOCK 
A3S0RBEH 


SPRING 
SHACKLE 


The  figure  above  shows  the  typical  installation  of  a  leaf  spring.  Leaf 
springs  could  not  flex  (move  up  and  down)  if  each  eye  of  the  spring  were 
rigidly  attached  to  the  frame.    At  least  one  end  ol  the  spring  must  be 
connected  to  a  movable  spring  shackle  (item     B  '  above)  to  permit  the 
spring  assem.bly  to  move  up  and  down  {(Igk),    Study  each  end  QLUie  springs 
(items    'A  '  and    -3  ' )  and  determine  the  names  o£  the  devices  th^^J)nnect 
the  spring  eyes  to  the  vehicle  frame.    The  center  tie  bolt,  you  wUl  recall, 
centers  or  aligns  the  axle  to  the  spring.    Once  the  spring  is  properly  aligned 
to  the  axle  It  must  be  tightly  secured  to  the  aj|^e.    Item    C    above  will  secure 
the  spring  to  the  axle.    Also,  notice  that  the  lower  end  of  the  shock  absorber 
(item  "K"  above)  is  connected  to  the  axle  (item     D  i. 

Ai^5v.'er  each  of  the  following  quej^tions. 

I.      What  kiiid  ui  boUs  secure  the  -pr:ng  to  the  vehicle  axle  ^ 


1.      Name  the  devices  that  attach  the  spring  eyes  lu  the  vehicle  frame. 


3.      What  pt^ririits  the  leaf  spring  to  flex  under  load  and  shock '.^ 


4.      The  shock  absorber  .is  m^ounted  between  what  two  major  vehicle 


1 1 1 !  1 1 1 1 1 1 1 1 1 1 1 1 1 J 1 1 
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3  . 


Unbolts, 

By  spring  hangers  and  shackles, 
The  movable  shackle. 
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The  accompanying  figure  shows 
a  front  coil  spring  (this  kind  of  spring 
provides  f^r*independent  suspension)* 

One  advantage  of  the  coil  spring  is 
that  there  is  no  f  rictiorubetween  the 
coils.    The  leaf  spring,  of  course, 
has  a  considerable  amount  of  friction 
between  the  leaves*    Coil  ^rings  are 
much  more  flexible   than  leaf  springs 
and  therefore  they  require  heavier 
shock  absorbers  (heavy  duty)  than  do 
leaf  springs  to  prevent  excessive 
rebound* 


Coil  springs  can  only  be  used  to  ^tbsorb    *'up*and*down  '  movement; 
they  cannot  transmit  any  "side  thrust  *  nor  take  any  ^torque  reaction. 
Therefore,  when  coil  springs  are  used  on  a  vehicle,  a  stabilizer  bar  must 
be  used  to  absorb  these  loads  and  to  hold  the  axle  in  alignn^ent. 

Complete  each  of  the  following, 

1.     TRUE  or  FALSE:    Coil  springs  do  not  allow  for  independent  wheel 

suspension. 

2-      Which  type  of  spring  cannot  absorb   ^torque  reaction"  or  transmit 
"side  thrust  ?  " 


3.      Which  type  of  spring  can  be  used  in  the  smallest  spact 


Heavier  shock  absorbers  n.ust  be  used  with 
than  with  springs. 


s  p  r  ]  n  e  s 
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This  figure  shows  a 
rear  coil  spring  and  shock 
absorber  installation.  Study 
the  illustration  carefully  and 
then  answer  each  of  the 
following  questions. 

I  .     Tlie  coil  spring  is 

mounted  between  what 
two  major  vehicle 
membe rs  ? 


The  shock  absorber  is 
mounted  between  what 
two  major  vehiclt! 
members 
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Overloading  a  vehicle  and  driving  at  exceiaive  speeds  over  rough  roads 
and  terrain  often  causes  suspension  problema.    The  most  common  spring 
troubles  are:   loose  or  broken  rebound  clips;  broken  center  tie  bolts;  and 
broken  spring  leaves.    Springs  must  be  inspected  periodically  to  determine 
if  any  of  these  three  common  malfunctions  have  occurred. 

Some  manufacture  res  advocate  (reconnmend)  that  leaf  springs  be  lubricated 
and  other  manufacturers  do  not  recommend  the  lubrication  of  springs. 
Automotive  mechanics  should  always  follow  the  manufacturer's  recommendations 
tor  lubricating  springs. 

Answer  the  following. 

1.     When  should  leaf  springs  be  sprayed  with  oil  or  lubricated  with 


grease  ' 


1.     Three  common  problems  encountered  with  leaf  springs  are: 


//////////////////// 

1.     When  and  if  recommended  by  the  manufacturer 
Z.      Broken  leaves,  loose  or  broken  rebound  clips,  and  broken 
center  bolt. 


rhere  are  two  t>-pes  of  shock  absorbers:   the  'direct  act:i  g"  and  the 
indirect  acting    tvpo.    The    indirect  acting    shock  absorbers  consist  of 
cams,  levers. 'and  extensive  linkage.    The  use.ot  "indirect  acting"  shock 
absorbers  on  modern  Air  Force  vehicles  is  very  limited.    The  "direct 
acting    shock  absorber,  on  the  other  hand,  is  very  compact  and  sim.ple:  it 
doesjTOt  require  the  use  of  cams,  levers,  or  extensive  linkage.    The  'direct 
acting    shock  absorbers  have  mounting  ey-s  at  each  end  and  rubber  bushings 
are  inserted  into  each  eye.    The    direct  aciing    shock  absorber  is  permanently 
sealed  and  cannot  be  overhauled,  therefore,   maintenance  other  than  required 
replacement  of  the  entire  unit  and  replacement  of  worn  rubber  bushings  is 
not  required. 


Answer  each  of  the  questions  asked  below  the  figures, 


figure  A 


F  i^ire 


V/hat  tvT)t.'  of  shock  absorb*" 


■n   fiL'urc  .\ 


■  r.  a  t  t  \-D  e  o  f  s  V.  o  c  K  a  b  -  o  r !  3 


!  :  -jvi  r  e  i  '  ' 


absorbers   


A  saock  aosorb^^r  is  nio anted  bctwi 


I  I  f  I  !  1 1 1 1 1 1 1  !  !  I  r  i  I  ! 

1  .  Direct  act:re 
I ,  Indirect  acting 

R  eplact'H^ent  of  buohmas  anri  c-tirt^  un:^ 
4.   axlf*       fran^e     (eitner  orairr  i.s  cur  reel 
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The  figure  to  the  left 
shows  a  cross- section  view  of 
a  direct  acting  •hock  »bsorb«r.  ' 

This  shock  absorber  has  an 

upper"  and  a  "lower"  chamber 
separated  by  "a  double  acting 
piston.    When  the.  vehicle's 
spring  is  ^onnpressed,  the 
push  rod  forces  the  piston  down 
and  the  oil  below  the  piston 
is  forced  through  the  one-way 
compression  valve  into  the 
upper  chamber.    When  the 
vehicle's  spring  "rebounds  ' 
the  action  is  reversed.  As 
the  piston  moves  up  the  oil 
trapped  in  the  space  above 
the  piston  is  forced  t?hrough 
the  one-way  rebound  valve 
into  the  low^r  chamber.  By 
restricting  the  flow  of  oil 
through  these  one-way  valves 
the  shock  absorbers  regulate 
the  spring  compression  and 

rebound  rate. 


Answer  each  of  the  questions  below. 


What  is  the  purpose  of  shock  absorbers 


l!ow  do  shock  absorbers  dampen  road  shocks  ^ 


!  i  1 1 1 1 1 1 1 1 1 1 1 1 1  i  1 1 1 1 


To  regulate  the  spring  compression  and  rebound  rate, 


By  restricting  the  flow  of  oil  through  one-way  valves. 


Some  passenger  cars  and  trucks  use  torsion  bars  in  place  of  springs  for 
front  end  suspension.    Torsion  bars  take  up  less  space  than  coil  or  leaf 
springs  and  they  are  adjustable.    That  is,  they  can  be  used  to  raise  or  lower 
the  vehicle's  height* 

Answer  the  following  question. 

vV]\at  advantages  do  torsion  bars  have  over  coil  and/or  leaf  springs '^^ 

^  HI  I II II I II I II II I II 
They  take  up  less  space  and  are  adjustable. 
SELF  TEST 

1.      A  l.^ai  spring  assembly  is  secured  to  a  vehicle  axle  by  the 

■  .      <: enter  tie  bolt, 
b.  Unbolts, 
L  ,      rebound  clips  . 

I,      A  shock  absorber  dampens  road  shocks  bv  the 

restricted  flow  of  Quid  through  one  tv/o-way  orifice, 
rree  flow  of  fluid  through  two-way  orifices, 
restricted  flow  of  fluid  through  one-way  orifices. 

The  longest  leal  in  a  leaf  spring  assembly  is  named  the 

rente  r  l»._^al . 
Ij .      1 1  e  1  e  ai  - 

n\ain  leaf. 

4.  The  purpose  of  shock  absorbers  is  to 

support  the  weight  of  the  vehicle, 
b.      control  the  spring  compression  and  rebound  rate, 
a'^^n  the  axle  of  the  vehicle* 

5.  The  coil  spring 

a.  requires  heavier  duty  shock  absorbers  than  do  leaf  springs. 

b.  IS  less  flexible  than  the  leaf  spring, 
requires  more  space  than  the  leaf  spring. 

//////////////////// 

A- 

Answers  are  to  be  found  on  the  next  page. 
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This  Programmed  Text  was  designed  for  use  by  students  enrolled  in  t\e 
General  Purpose  Vehicle  Repairman  Course  iABR47330.    It  was  validated 
by  30  students  enrolled  in  that  course  in  1964  and  has  proved  to  be  successful 
since  that  time. 

ORJECTIVKS 

Given  this  Programmed  Text,  a  worksheet,  and  other  necessary  equipment 
you  will  be  able  to  accomplish  the  followinp;  objectives  to  meet  the  manu- 
facturer's specifications: 

1.  Perform  a  scuff  test  on  the  front  and  rear  wheels  of  a  vehicle. 

I.  l\:riurni  a  preliminary  inspcctiori  on  vehicle  steering  mechanism. 

^.  Prepare  the  vehicle  for  checking  front  end  alignment. 

4.  Ciieck  can^/ocr  and  recurU  tindmt;-.  for  eac:h  wheel. 

5.  C'.lu'ck  caster  and  record  lindiri^s  lor  e.-n;:  '.vlieel. 

6.  Check  steering  axis  inclination  aiid  record  tindinp  . 

7.  Chetk  tOf-oe.t  oti  turn>. 

H,  Make  ii  t- <' e  ^  b  a  !' V  ad  iu--l  ment  s  u.-  nie  ^Ji--';-'  n  ;a al • 

I.  Write  yuur  name,   ruiiV,   and  class  number  at  the  top  of  your  worksheet 

'    Write  t}-.-'  naro.-  of  tke  \«iiicle  to  which  you  have  bt-en  as-iLiTwo. 
(P  tjrci,   Ciievrolet,   .'tc.)    Also  write  ui  the  loodel  year  <ji  the  vehicle. 

',.      Head  each  -.tt-p     arcfally  h^etore  startmLr  th.*-  task. 

4.  pertorm  fa..!>  step  *'xactly  as  fiirected.     Do  i;ot  -kip  any  step. 

5.  Ask  your  in.-.tructor  for  help  or  advice  whenever  you  are  in  douht. 

6.  T'nis  task  can  be  accomplished  by  one  man  working  alor^e  or  by  two 
^„  v-ork'ni:  together.    If  you  are  doing  the  job  alone,   you  must  accomplish 

each  step  in  each  task.    If  two  men  are  working  together,   one  man  can  read 
the  task  list  while  the  other  performs  the  step;  then  switch  and  let  the  other 
man  perform  the  next  step  while  the  first  man  reads  the  task  list.^    When  the 
same  task  is  to  be  pertorihed  on  both  front  whc  els,   one  man  sJirrild  do  xut-  ]»-ft 
whe«-l  and  the  ottier  m.an  t!ie  riyht  wheel. 

7.  Make  sure  that  you  have  a  .specifications  chart  and  th.-  appropriate 
shop  manual  for  the  vehicle  on  which  you  a-p  working. 


.1"  , 


Frame  1. 


The  purpose  of  the  scuff  tester  is  to  give  a  quick  check  of  wheel 
alignment  to  see  if  the  vehicle  has  toe-out  or  excessive  toe-in.  Ttie 
desired  front  wheel  scuff  is  0  to  3  feet  per  mile  IN.    The  exact 
amo\mt  depends  on  the  vehicle  specifications.    A  vehicle  with  1/16 
inch  of  toe-in  would  read  near  zero  feet  per  mile  scuff,  while  a 
vehicle  with  3/8  inch  of  toe-in  would  read  near  three  feet  per  mile 
scuff.    The  indicator  on  the  scuff  tester  will  reset  to  zero  when  the 
wheels  roll  over  the  trip  plate  and  deflect  to  indicate  the  amoxmt  of 
wheel  scuff  when  the  wheels  roll,  over  the  scuff  blades.    It  is  impor- 
tant that  you  note  whether  the  indicator  reads  IN  or  OUT  as  most 
vehicles  should  have  toe-in  and  a  reading  of  0  to  3  feet  per  mile  OUT 
would  be  an  incorrect  adjustment. 


Perform  ^  scuff  test  on  the  front  and  rear  wheels  of  the  vehicle 
and  record  the  readings  as  items  #1  and  #2  on  your  worksheet. 

a.  Line  up  the  vehicle  with  the  tester  so  that  both  front  wheels 
will  strike  the  tester  blades  at  exactly  the  same  time;  then  do 
not  turn  the  steering  wheel  while  the  vehicle  is  on  the  tester. 

b.  Drive  the  front  wheels  over  the  platform  slowly  (3  to  5  HPH) 
and  stop  when  you  kre  even  with  the  indicator  so  you  can  read 
it, 

c.  Record  the  front  wheel  scuff  reading  as  item  #1  on  your  work- 
sheet and  indicate  whether  it  is  IN  or  OUT. 

d.  Drive  the  rear  wheels  across  the  platform  slowly,  stop  the 
vehicle  in  the  spot  designated  for  portal iner  work,  set  the 
parking  brake,  stop  the  engine,  etc* 

e.  Record  the  rear  wheel  scuff  indication  as  item  #2  on  your  work- 
sheet and  indicate  whether  it  is  IN  or  OUT, 


QUESTION 

'^'^'^'^'^ 

?     Did  you  complete  the  scujff  test  and  record  the  readings?  ? 
?       a.    YES  ^  Go  on  to  the  next  step.  ? 
?    ^  b*    NO    *    Ask  your  instructor  for  help  if  necessary,  ? 

?????????????????????  ????'^'^77???????.? 


Frame  ?, 


Perform  a  preliminary  inspection  and  place  a  check  mark  in  the 
space  provided  for  item  #3  on  your  worksheet  to  indicate  that  you  have 
performed  the  inspection. 

a.  Check  wheel  bearing  adjustinent, 

b.  Check  ball  joints  or  kingpins  for  looseness. 

c.  Check  steering  linkage  for  looseness. 

d.  Check  to  see  if  the  vehicle  is  level  (side  to  side)  and  move 
it  to  a  level  spot  if  necessarj'^. 


QUESTION 


????????????????  V*^????*^????????  ?????? 

9 


Have  you  completed  the  preliminary  inspection? 

a.  YES  -  Go  on  to  the  next  step. 

b,  NO    -Try  again  or  ask  your  instn^ctor  tor  help. 


797999799799    7    V    999    9999779    7    7    7    999997  9977 
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Frame  3 
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Prepare  the  vehicle  for  checking  front  end  alignment. 

a.  Insure  that  the  front  wheels  are  positroned  straight  ahead 
and  place  them  on  the  turning  radius  gauges. 

b.  Lock  the  wheels  with  the  brake  pedal  depressor. 

c.  Use  the  tire  gauge  and  insure  that  all  tires  are  properly 
inflated. 

d.  Remove  the  hubcap  Nand  dust  cap  from  both  front  wheels. 

e.  Wipe  off  the  excess)  grease  and  dirt  from  the  end  pf  the 
spindle  and  the'  face  of  the  hub. 

f.  Remove  the  lock  pins  from  both  turning  radius  gauges. 

g.  Bounce  the  vehicle  in  the  center  of  the  front  bumper  in  order 
to  relieve  spring  set. 

h.  Attach  the  caster-camber  SAI  gauges  to  the  magnetic  adapters 
and  tiehten  the  thamb  screws  to  hold  them  securely. 

i.  Att;ich  the  gauges  to  the  wheels,  insuring  that  the  centering 
pins  fit  into  the  center  of  the  spindles  and  that  the  scales 
face  upward. 


QtJFSTION 

^  ^  ^  ^  9  9  9  o  7  9  0  .o  7   9  7  9  7  7  7  7  7  7  7  7  7  9  7  7  7  V  7  7  7  7  0  9  9 

?      Did  you  prpp-ire  thf3  vehicle  for  checking  front  end  alignment?  ? 

?         a.    Y1:G  -  Go  on  to  the  next  step.  ? 

?          b.     NO    -  Ask  you."  instructor  for  help  if  nece:>i-ary.  ? 


Frame  U. 


Check  camber  for  both  wheels.    Record  the  readings  as  item  #U  on 
your  worksheet,  and  indicate  whether  it  is  negative  or  positive 
(-  or  +). 

a.  Tou  should  already  have  the  camber  gauge  attached  to  the 
wheel  with  the  magnetic  adapter. 

b.  Read  camber  on  the  outer  scale  of  the  camber  gauge  at  the 
center  of  the  bubble.  ^ 

c.  Record  the  readings  as  directed  above. 

NOTE:    You  should  never  adjust  camber  until  after  you  have  checked 
and  adjusted  caster  as  the  caster  adjustment  will  change 
camber. 


QUESTION 

???????????????????????'?•?••■••••••• 

?  Did  you  check  and  record  the  camber  readings  for  both  front  wheels?  ? 
?  YtS  -  Go  on  to  the  next  step. 

?      .  b.    NO    -  Ask  your  instructor  for  he:ip  if  necessary.  ? 

0-?49999-?'?'?'?'?9??????????????????????'?? 


1  —  . 
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Check  CAdter  for  both  front  wheels,  record  your  findings  as  itm  #5 
on  your  worksheet,  md  indicate  whether  it  is  negative  or  positive 


a.    Adjust  the  turning  radius  scales  ao  they  indicate  zero  on 
both  turning  raditus  gauges  with  the  wheels  straight  ahead. 

te.    Turn  the  wheel  in  toward  the  center  of  the  vehicle  uxj^il-llie 


d.  Turn  the  wheel  out  at  the  front  until  the  turning  radius 
gauge  indicates  20  degrees. 

e.  Read  caster  at  the  center  of  the  bubble  on  the  blue  scale, 
f-    Record  the  reading  as  directed  above. 

Repeat  these  procedures  for  the  opposite  wheel. 


(-  or  +). 


QUESTION 


Did  you  check  and  record  the  caster  readings  for  both  front  wheels?  ? 


a. 


TES  -  Go  on  to  the  next  step. 


? 


?  ? 


b.  NO  -  Try  again  or  ask  the  instructor  for  help.  ? 
??????????????''???????????'????'''^'^' 
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Frame  6. 


Check  steering  axia  inclination  (SAI  or  kingpin  inclination)  and 
record  your  findings  as  item  #6  on  your  worksheet. 

a.  Insure  that  both  turning  radius  gauges  indicate  zero  with  the 
wheels  straight  ahead* 

b.  Turn  the  wheel  in  at  the  front  to  20  degrees. 

c.  Turn  the  control  knob  under  the  SAI  scale  until  the  bubble 
centers  on  the  zero. 

d.  Turn  the  wheel  out  at  the  front  to  20  degrees. 

e.  Read  the  steering  axis  inclination  on  the  blue  scale  of  the 
SAI  gauge  at  the  center  of  the  bubble. 

f .  Record  the  SAI  reading  as  indicated  abr-'a. 
Repeat  these  procedures  for  the  opposite  wheel. 


QUESTION 

??99?9999999'?'>999797999797    ????    ???  ???? 

?  Did  you  cneck  and  record  SAI  for  both  front  wheels?  ? 
?  a.  YES  -  Go  on  to  the  next  step.  ? 
?  b.  NO  -  Ask  your  inJtmctor  for  help  if  necessary.  ? 
????????????????????????????????????? 


Frame  7- 


The  next  task  to  acccmplish  is  checking  toe-out  on  turns.    Ihis  is 
also  known  as  '^steering  geometry."    As  you  will  recall  from  the  lesson 
on  steering  factors,  toe-out  on  turns  or  steering  geometry,  is  the  dif- 
ference in  the  turning  radius  of  the  two  front  wheels  when  making  a 
turn  to  the  left  or  right. 


The  right  column  of  the  specificaticm  chart  is  titled  ^Checking 
Toe^out  on  Turns. In  this  column  there  are  two  listings  tilled 
"Whefi  Outer  Wheel  Turns  20^"  and  ^en  Inner  Wheel  Turns  20. 

Determine  which  group  your  vehicle  is  listed  in  and  then  proceed 
as  directed. 


QUESTICW 

????????????????????????????????????? 
?  Is  your  vehicle  listed  under  "When  Outer  Wheel  Turns  20*^?*^  ? 
?  a.  YES  -  Go  on  to  Frame  8.  ? 
?         b*    NO    -  Skip  Frame  8  and  go  on  to  Frame  9-  ? 

????????????????????????????????????? 


Frame  8, 


When  a  vehicle  is  making  a  turn,  the  left  wheel  is  scametimes  the 
outer  vhoel  and  sometimes  the  inner  wheel,  depending  upon  -which  way 
the  vehicle  is  turning.  The  outer  wheel  is  always  the  wheel  ort  the 
outside  of  the  turn;  therefore,  the  outer  wheal  must  be  turned  in  ■ 
toward  the  center  of  the  vehicle.  In  order  to  have  toe-out  in  turns, 
when  the  outer  wheel  is  turned  in  20  degrees,  the  inner  wheel  will  be 
turned  out  more  than  20  degrees. 


Use  the  following  procedure  to  check  steering  geometry: 

a.  Write  the  word  "Outer"  in  the  space  provided  for  it^  #7  on 
your  worksheet. 

b.  Turn  the  right  wheel  in  20  degrees  toward  the  center  of  the 
vehicle . 

c.  Read  the  steering  geometry  on  the  left  wheel  turning  radius 
gauge . 

d.  Turn  the  left  wheel  in  20  degrees  toward  the  center  of  the 
vehicle. 

e.  Read  the  steering  geometry  on  the  right  wheel  turning  radius 
gauge. 

f .  Record  the  steering  geometry  readings  on  your  worksheet  as 
item  #6. 
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QUESTION 

????????????? 

?     Did  you  obtain  and  record  the  steering  geometry  readings  for  both  ? 

i'l-oni  wntttla?  '  ^ 

? 

a.  YES  -  Go  on  to  Frawe  10;  skip  Frame  9. 

b.  NO    -    If  you  cannot  check  steering  geometry,  ask  your  instruc- 

tor for  help.  7 


?????????????????■?????????•?•• 

•I "  1 
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Frame  9. 


When  a  vehicle  is  making  a  turn,  the  right  wheel  is  sometimes  thr 
inner  wheel  and  sometimes  the  outer  wheel,  depending  upon  which  way 
the  vehicle  is  turning.  The  inner  wheel  is  always  the  wheel  on  the 
inside  of  the  turn;  therefore,  the  inner  wheel  is  always  turned  out 
from  the  center  of  the  vehicle.  In  order  to  have  toe-out  on  turns, 
when  the  inner  wheel  is  turned  out  20  degrees,  the  outer  wheel  will 
be  turned  in  less  than  20  degrees. 


Use  the  following  proct^dure  to  check  steering  geometry: 

a.  Write  the  word  ''Inner"  in  the  space  provided  for  item  #7  on 
your  worksheet. 

b.  Turn  the  right  whe^^l  out  TK)  degrees  from  the  center  of  the 
vehicle  * 

c.  Read  the  steering  gfjor^etry  on  the  l^^ft  wheel  turning  radius 
gauge . 

d.  Turn  the  leit  whiM.-l  out  ?0  degrees  from  the  center  of  the 
vehicle - 

o.     Road  the  j^teoriro;  f^'^'Ometry  on  the  right  wheel  turning  radius 
gauge. 

f .     Record  the  :>tooring  goomotry  reading:"  on  your  worksheet  as 
item  0. 


QiJESnON 

7      Did  you  obtain  and  record  the  steering  geometry  readings  for  both  7 
front  wheels? 

a.    YES  -  Go  on  to  the  next  step. 

?         b*    NO    -  If  you  cannot  check  steering  geometry,  ask  your  instruc-? 

tor  for  help. 


^       r>  o  9  9       9  9  V  V       V       V   V  V  v       9  9  o  '>   9       9   9  0   9   9  9   7  7  7  7 


Frame  10. 


Complete  itema  #9  th-ough  #l6  on  your  worksheet.  Then,  return  here 
and  answers  the  questions  asked  below.  'Jae  the  specification  chart  to 
look  up  all  apecifi cations. 


QUESTION 

?      yJavc  you  ccr.pletod  ito^js        through  ,^16  on  your  worksheet?  ? 

?         a.    YF>S  -  Ans'^r  the  queotion  below  and  then  proceed  as  directed.  ? 

?         b.     NO    -    If  yo'i  c'lrmot  complete  the  items,  ar.k  your  instructor  ? 

for  help. 


,^^^.;,o9o'v  99??o7  7  7?77?????????????????? 
QUESTION 

???????■?????  V  ?  ?  ?  ?  ?      '■   ?  V  ????????  ? 

?      I::  caL-.U;r  -within  :.7.^cif ications?    (Check  answer  jTl?  on  your  work-  ? 
::hef!t.)  „ 


a.     YVS  -  Answer  the  question  asked  at  the  botton  of  Fr;yne  11  and 

?  then  procer-d  as  directed  from  there. 

?         b.    NO  -  Go  on  to  the  next  step,  Frane  IT.  - 

,,^,.,99'.  V  V  7  7  7  7  7  7  7  ?  ?  V  ?  ?  ?  ?  ?  V  V  ?????????  ?  ? 


Frame  11. 


Use  your  shop  manual  as  a  guide  wlxlle  you  adjust  caster. 

a.  Obtain  the  necessary  tools,  shims,  etc.,  for  adjusting 
caster. 

b.  A^djust  caster  to  bring  the  reading  vrithin  specifications. 

c.  Insure'  that  caster  is  within  specifications  by  <!Heckiiig  it  as 
outlined  in  Frame  5  and  corrparing  the  reading  with^  the 
specifications* 


?      ILave  you  cor/jl^-ted  the  task  of  adju.sting  crister  :irid  is  Uie  ? 
mduTig  viUiin  ::'>pecif ications? 


a. 


Yr;r;  -  Answer  the  ^.^estion  below  and  proceed  as  directed. 


b.  NO 


If  you  cannot  acco-^plish  this  task,  ask  your  instruc- 
tor for  hel}.;* 

^.  7  9  7    9     7    9  9    7     V  ^  *^     ''"  ?  ? 


I-  camber  within  :jpMcification5?     (aiook  answer  #10  <jn  yrv_ir  work- 

^bitO^..  ) 

a.     Yr^.  -  r>kip  Krar.o  1?  and  go  directly  to  Frnr.c 
-  Go  on  to  tho  next  step,  Fra-ne  1?. 


9    9    9  7'??? 


^^7^777797  9977779977979979777 
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Frame  12. 


U3P  your  shoD  n^iu:ii  as  a  ,rui.dc  while  oidjusting  ca:Tiocr. 

a.  Make  sure  that  you  have  the  neccGsarj'  tools,  sliiins,  etj.  for 
adj acting  c.-iriber . 

b.  Adjust  camber  to  bring  the  reading  within  specifications. 

c.  Iiis^ire  Ukit  canber  is  within  specifications  by  checking  it  as 
o^j-:  lined  in  Frame  h  and  ccriparinF  the  reading  with  ths 

cpeciricaticn'- . 

d.  Insure  th,it  caster  is  still  wittiin  specifications  by  cheGkir43 
it  as  outlined  In  yr:une  ^  and  corn?arin^  the  reading  with  the 

speci  f  i  rj  -1  t,i  on . 


Frame  13- 


Use  your  shop  manual  as  a  iriide  while  checking  .md  naking  any 
necessary  adjustjnents  on  the  steering  gear  or  linkage. 

a.  Make  sure  that  the  turning  radius  gauges  indicate  zero  with 
the    wheels  straight  ahead. 

b.  Check  to  see  if  the  steering  wheel  is  properly  centered  witli 
the  wheels  in  the  straight  ahead  posititjn. 

c.  Adjust  the  steering  linkage,  if  necessary,  to  center  the 
steering  wheel. 

d.  Check  for  looseness  in  the  steering  gear;  adjust  if  necessary. 


r\       #-j        *">        *i        »i        M        ^       ''I        O  *^ 


?      Did  you  conplete  iho  tasks  of  chf?cking  the  steering  gear  rmd  the 
steering  wheel  :ind  making  the  idj  istnent 3  as  re':juired? 

> 

;i.     YK:  ^  C^;  to  the  P^nTHLICTIONC  below. 

b.    UC-     ■■     ir  you  cmmot  accoriplish  these  tasks  with  the  hf?lp  of 
?  your  rhop  m.-mual ,  a:>k  your  instructor  for  help. 


#1  H>-v         *r-.         f,  f--        t-\  a-T 

/  /  ■  (  r  '  r 


ry      f)  f~^,      f^,  f^, 


,  ^  ■  ■"-   "' 

IT.^STFOCTTONn 


K     l\it  all  ol'  the  e.'juipinent  away  In  itti  proper  pla:o. 

2.    When  your  worksheet  is  co-npleted,  return  all   tralninF:  nvilri 
ials  to  your  in.structor. 


7  r-  , 


SCUFF  TESTER  AND  PORTAI.ITiSR 

aiEJECT:    Front  End  Alignment  of  a  Vehicle  with  Independent  Front 
Suspension. 


NAME 


VEHICLE  MAKE 


YEAR 


CLASS  rrJMBER 
TYPE 


1.  Front  wheel  scuff: 
?.     Rear  wheel  scoff ; 


10 


feet  per  mile 
feet  per 


. ;  1 


PrelLT.inary  incrpection  coiTij::.leted; 


T  '--^■>m 


Camber  reading  obtain^^'d  on  the  ^A^eel :  I3FT 

5.     Caster  reading  obt.-iinod  on  the  -^.eel:  l^-KB^T 

GteerinR  axis  Ln'^lin.^tion  for  wVieel :  LEFT 

Steeririg  axis  p/.*o:^etry  is  read  when  the   

ijtrerin^'T  g^^onctry  f^r  the  '^*heei 

Canbf^r  if  i -.^ti  on  i'r^jr,  th-  c   

Is  canber  w^ithir;  sp^^'Cifici^Aons  -  i.r.r  i 

Cnslf^v  specif ic-ition  from  th<-  ohnrt:   

I^;  caster  wi':.hin          i  f  i       ioni: V  I 

"t-^-rinr:  f:r>;^'^nvry  rr^-^-^  i  f  i-'^'i'-i^^n  fr^^ri  -hart: 

In  nt^^erini"  ^^pcnotry  r^rr^^ct, .  i.:-.-r  ^ 


OUT 

RiGirr 

RIGHT 
RIGHT 


wheel  turns  ?0  • 

RIGHT 
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CRITERION  OBJECTIVES  AND  TFACMING  iTEPS 


Without  references,  identify  basic  facts  and  terms  pertaininq  to  principles  of 
operation,  function  and  relationship  of  compression  ignition  efgine  systems  and 
components  with  70%  accuracy. 

Without  references^^  identify  basic  facts  and  terms  related  to  (he  operating  princi- 
ples and  function  of  compression  iqntit|pn.€wgi ne  fu^l  system^ components  with 
70t-  accuracy. 

Supplied  with  tools  and  equiprr^nt,  technical  orders,  engine  jU'diners,  and  observinc 
automotive  personnel  and  equipment  shqp  safety,  inspect,  troubleshoot ,  and  service 
compression  ignition  engine  systems  lAW  technical  publications. 


'eaching  Steps  are  Listed  in  Part  11 


EQUIPMENT  LOCATED 
IN  LABORATQRVL. 

8.  Special  Tools 

9.  Hydraulic  Governor 

10.  '■■uel  Injector  Pui'ip 
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GRAPHIC  AIDS  AND 


UNCLASSIFIED  MAT. 

9. 

Chart: 

62-62 

10. 

Chart: 

62-69 

11. 

Chart: 

62-68 

12. 

Chart: 

62-67 

13. 

Chart  >■ 

62-65 

14. 

Chart: 

66-53 

15. 

Chart: 

62-63 

16. 

Chart: 

74-02 

17. 

Chart: 

62-71 

18. 

Chart; 

64-402 

19. 

Chart: 

74-138 

20, 

Chart: 

66-313 

21. 

Chart: 

66-317 

22. 

Chart: 

66-319 

23. 

Chart: 

66-331 
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Chart: 

74-22 

25. 

Chart: 

66-315 
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Chart: 

74-01 
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Chart: 

66-329 
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Chart: 

74-03 

29. 

Chart: 

74-04 
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Chart: 

74-OL 

31. 

Chart: 

74-05^ 
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Chart: 

66-328 

33. 

Chart: 

66-326 

34. 

Chart: 

66-320 

35. 

Chart: 

66-325 

INTRODUCTION  Apf»rox  30  Hin 

1.  Attention  and  Motivation:    Gain  students'  attention  by  asking  questions 
about  the  01 ese4- engine.    Relate  the  importance  of  the  Diesel  engine  as  a 
means  of  transportation  and  as  a  producer  of  electrical  power.  Inform 
students  where  the  Air  Force  utilized  Diesel  engines  as  a  means  of  moving 
aircraft. 

2.  Review:    Review  and  critique  questions  from  student  Study  Guide  3ABR47330- 
SG-702.    Then  briefly  review  the  operation  of  the  gasoline  engine  in  compari- 
son with  the  Diesel.    Relate  how  the  operation  differs  but  the  physical 

make-up  is  the  same. 

3.  Overview:    Today  we  will  describe  the  construction,  operation,  and  mainten- 
ance procedure  of  the  6-71  CMC  Diesel  Lubrication,  Coolants,  and  Air  System. 

BODY  14  Mrs  15  Min 

PRESENTATION: 
1.    Ref:    Para  i.  Part  1. 

a.    Type  CMC  diesel  engine 

(1)  6-71 

(2)  Two  cycle  engine 

(3)  130  hp  -  1800  rpoi 

(4)  Tiring  order 

RH-i-S-3-6-2^4 

(5)  Compression  ratio  17  -  1 

(a)    Engine  wi ] 1  run  back- 
ward if  certain  items  are 
changed 

b     Purpose  GMC  diesel 

(1)    Power  busses,  trucks,  air- 
craft towing  tractor  MB-? 

c.    Lubricating  System 
(1)    Oil  pan 

(?)    Oil  pump  inlet  screen 

(3)  Oil  pump 

(4)  Pressure  relief  valve 


Student  Study  Guide  3ABR47330-S6-702 


Scavenging  Chart  Nunber  62-62 
Compression  "  "  62-69 
Power  "        "  62-68 

Exhaust  "  62-67 


Cross.  Sect/  Chart  Number  62-65 


Films  FIG  1-28M8 
ABC  of  Diesel 


Lubrication  Sys  Chart  Number  66- j3 
Capacity:    Deep  pan  -  21  qt 

Shallow  pan  -  31  qt 


Open  at  48  -  53  psi 


r 


ERIC 


(5)  on  cooler 

(6)  Oil  cooler  by-pass  valve 

(7)  Pressure  regulator 

(8)  Main  oil  gallery  In  block 

(9)  Blower 
(10)  Filters 

(a)  Primary 
1^   Full  flow 

(b)  Secondary 
]_   Part  flow 

d.    Cooling  system  types 
(1)    Radiator  and  fan 

(a)  Radiator 

(b)  Fan 

(c)  Water  pump 

(d)  Engine 

1.  Head 

(e)  Water  manifold 

e.  Air  system 

)(1)    Air  cleaner:    wet  type 

/ 

y  (2)    Air  manifold:    Emergancy  shut 
down  assembly 

f.  Blower 

(1)  Rotary  type  with  2  or  3  lobes 

(2)  Driven  twice  engine  speed  from 
camshaft  gear 

(3)  Develop  7  psi  at  max  engine 
speed 


Open  at  47  psi 


Drip  lubricated 
Lubrication  Blower  Chart  Number  62-63 


Coolant  sys.    Chart  Number  74138 
Used  on  trucks 


Manual  or  automatic  type  are  used 


h.   Electric  starting  systiM:  InsuUt«d 
and  grounded  positive  ground  12  volts 

APPLICATION:    Ref:    Para  b.  Part  I.  3ABR47330-WB-702 

1.    Interspersed  throughout  the  lesson. 

EVALUTAION: 

1.   Check  student  understanding: 

a.  How  does  the  construction  of  a  two 
cycle  engine  differ  basically  from 
a  four  cycle  engine? 

Ans:    Two  cycle  engine  doesn't  use 
intake  valves  (has  Intake 
ports  In  cylinder  sleeve). 

b.  What  danger  Is  involved  If  the 
blower  seals  leak? 

Ans:    Overspeeding  of  engine. 

c.  What  is  the  purpose  of  the  shut- 
off  valve  located  In  front  of 
the  primary  filter  in  the  lub- 
rication syst€«!i? 

Ans:  Allows  changing  of  filter 
elements  without  shutting 
down  engine. 

d.  At  what  speed  does  the  blower 
operate? 

Ans:    Twice  the  engine  speed. 

e.  How  is  the  water  pump  driven  in  the 
cooling  system? 

Ans:    By  the  blower  shaft. 

f .  What  is  the  purpose  of  the  air  box? 

Ans:    Distributes  air  equally  to 
all  cylinders. 

g.  When  is  the  oil  In  the  oil  cooler 
heated? 

Ans:    When  cooling  system  thermostat 
Is  closed  during  engine  warm-up. 


END  OF  DAY  SUWARY 


1.  Restate  objectives  of  the 
lesson  (covered  In  this  day) 

2.  Emphasize  the  area  of  major 
Importance. 

3.  Use  oral  questions  to  deter- 
mine areas  to  be  retaught. 


SUMMARY 

1.    Today  we  have  learned  the  basic  opera- 
tional principles  of  combustion  igni- 
tion engines,  including  the  lubrication 
coolant,  and  air  system.    The  students 
will  write  out  the  answers  to  the  daily 
appraisal  in  order  to  evaluate  student 
understanding  of  the  subject  matter 
presented.    In  order  to  perform  pro- 
per maintenance  on  compression 
ignltjion  engines  on  understanding 
of  these  system  is  a  must. 

ASSIGNMENT     CTT  POI  PARA  2a     2  Hrs 

1.    We  have  just  completed  the  Basic  Opera- 
tional principles  of  combustion  igni- 
tion engines;  tomorrow  we  will  enter  the 
heart  of  the  Diesel  engine,  the  fuel 
system  and  components.    Read  the  stu- 
dent Study  Guide  3ABR47330-SG-702A 
and  write  out  answers  to  the  ques- 
tions at  the  end  of  the  chapter.  Have 
a  good  day  and  we  will  see  you  tomorrow 
morning.    Conservation  of  materials. 

INTRODUCTION  TO  NEW  DAY'S  WORK 

1.    Gc^r.  students'  attention  relating  a  personal  experience  or  analogy 
to  insure  they  are  ready  to  receive  instruction. 

2     Review:    Check  student  written  answers  to  questions  at  the  end  of 
student  Study  Guide  3ABR47330-SG-702A,  then  briefly  review  the  opera- 
tion of  the  lubrication  cooling,  and  air  systems.    Today  we  will  dis 
cuss  the  Fuel  System  and  Components. 


3ABR47330-SG-702A 

1.  Identify  study  materials. 

2.  Give  reasons  for  student 
I      to  study  assignment. 

3.  Mention  method  of  study. 


PRESENTATION:    Ref:    Para  b,Part  1. 
a.    Fuel  System  &  Tune-up 

(1)  Operating  principle  of  the  die- 
sel  fuel  injection  system 

(2)  Two  types 

(a)  Mechanical 


Use  Study  Guide  3ABR47330-SG-702A 
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(b)  Hydraulic 

(3)    Combustion:    from  heat  of 
compression  as  fuel  is 


Do  not  use.  Central  pump  uses 
central  high  pressure  pump 


ERIC 


(4)  GNC  dittti  futi  tytUi  MCh- 
«n1cal 

(a)  Throuflh  flow  $yst«w  Futl  Syfc  Chtrt  Nui*«r  CC74-02 

1  Cools  Injector  Purpose 

2  Lubricate  Injector 

(5)  Fuel  system  units  Caution:    Fuel  wst  be  kept  clean 

(a)  Tank:   All  types  used 

(b)  Primary  filter 

Types:    disc,  screen, 

sack  disc  or  screen 

can  be  cleaned  and  replaced 

(c)  Transfer  punp  (gear  or  Maintain  40  p$1 
vane  type  -  pos.  displace- 

Use  Bench  Item  Fuel  Injector  Pump 

1^  Driven  by  bl(3wer  shaft 

(d)  Seals 

1  Purpose:    prevent  fuel 
froin  entering  blower 

Z  Allowable  amount  of 
seepage  one  drop  per 
minute  at  1800  rpm 

(e)  Secondary  filter 

1^  Type:    screen  or  disc 
which  can  be  cleaned 

2  Should  be  drained  dally 
to  remove  dirt  and  water 

(f)  Manifold 

1  Inlet  and  Junper  lines 

2  Outlet  and  Jumper  lines  - 

Restriction  elbow:   Pro-  j 

vide  back  pressure  at 

Injector 

(g)  Fuel  Injector  ^^^"^^         ^"^^  Injectors 

1^  Purpose:    Meter  atom- 
ized and  Inject  under 


2  Type:   Unit  Injector 
(G.M.  -  Old  type  -  H.V. 
-  New  type) 

3  Different  types  on  GMC 
engine  50,  60,  70.  80 
cubic  millimeter 

4  Contains  two  porous 
material  filters 

(h)   Governor  types 

1  Mechanical  (limited 
or  variable  speed) 

2  Hydraulic  (allows  for 
speed  droop) 

b.    PM  inspection 

(1)  Coolant 

(a)  Level 

(b)  Condition 

(2)  Belts 

(a)  Fan 

(b)  Generator 
[2)  Fuels 

(a)  Level  always  full 

(b)  Condition 

(4)  Lubrication 

(a)  Level 

(b)  Condition 

(5)  Control  etnergency  shut  down 
operation 

(6)  Visual  Inspection 
(a)  Lcciki 

> 

(h)    Damaged  parts 


Fuel  Injector 
Chart  Number  62-71 

H.V.  -  high  valve 

62-2941  Injector 
Diesel  Fuel  Kit 

Caution:  Must  be  replaced  when 
d1  rty 


Show  Hydraulic  Governor 
Trainer  61-2835  (Woodward) 
Show  Bench  Item  Hyd.  Governor 

Chart  Number  64-402 
Hydraulic  Governor 

Preventive  maintenance 
Have  student  use  Workbook 

3ABR47330-WB-702A 


T.O.  3aGM6-121 


'1 
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(61 


;  • 

(c)  Missing  parts 

* 

(7)   Electrical  starting  systtm 

(a)  Condition  of  battary 

(b)  Cable  and  connection 

c.  Removal,  inspection  and  replace- 
ment of  injector 

(1)  Remove  air  cleaner  and  rocker 
arm  cover 

(2)  Position  engine 

(a)  Turn  engine  In  direction 
of  rotation  only 

(b)  Remove  both  Jumper  lines  ^ 

(3)  Remove  rocker  arm  assembly 
bolts  and  swing  assembly  clear 

(4)  Remove  Injector  hold  down 

(5)  Remove  and  clean  Injector  Use  special  tool  If  stuck 

(6)  Visual  Inspection 
(a)    Rack  freeness 

(7)  Clean  injector  tube  and  replace 
Injector 

(8)  Torque  hold  down  nut  20  -  25 
ft  lbs 

(9)  Replace  rocker  assy  torque  to 
90  to  100  ft  lbs 

(10)    Replace  jumper  line  torque  to 
12  to  15  ft  lbs 

d.  Tune-up 

(1)    Engine  valve  adjustment 

(a)  Position  engine  with  the 
Injector  rocker  arm  down 

(b)  Adjust  push  rods 

i  Cold  setting  .  .012 

(7)  y 


2   Hot  setting  -.009 

(2)  Tim*  Injector 

(a)  Position  engine  with  the 
valves  rocker  arm  down 

(b)  Use  timing  gauge  and  adjust 
push  rods  until  a  light  snap 
or  drag  Is  felt  on  top  of 
Injector  plunger 

(3)  Governor  and  fuel  control  rod 
adjustment 

(a)    Setting  hydraulic  governor 
with  Injector 

1  Loosen  all  rack  levers 

2  Adjust  fuel  rod  to- 
extend  3/16"  beyond 
nut  at  override  button 

3  Tighten  outer  adjusting 
screw  on  nr  1  rack  lever 
when  control  tube  moves 
lock  nr- 1  rack 

4  Check  adjustment  by  pulling 
out  on  override  button, 
should  move  out  1/32  to 
1/16  Inches 

5^   If  Improper  movement, 
re-adjust  nr  1  lever 


6   Remove  pin  from  clevis  \ 
and  hold  control  tube  i\ 
wide  open  position 

Procedure  for  starting  the  GMC  engine 

(1)  Position  engine  controls 

(2)  Override  governor  in  cold 
weather 

(3)  Press  starter  button 
(A)   After  engine  starts 

(a)   Check  oil  pressure 


Caution:   Only  30  sec  at  a  time 
If  engine  falls  to  start,  let 
starter  cool  3-5  minutes  before 
attempting  to  start  again 


(b)  S«t  throttle  at  450  rpm 
for  wirm  up 

r 

f.   Procedure  for  Stopping 

(1)   \  throttle  for«2  min,  no 
load  for  cooling 


(2)    Idle  engine  for  2  min 

(3) 
(*) 

APPLICATION: 

1.    Ref •    Para  >  c.  Part  1 . 


Avoid  prolonged  Idlt 


Close  control 
Disconnect  battery 


TO  3861-16-121 

Provide  adequate  hand  and 

special'  tools 
Use  62-7945  BBl  GW:  Diesel 
Use  proper  saftty  precaution 

Mhen  working  eround  engine 


END  OF  DAY  SUMMARY 


SUMMARY 


I.   Today  we  hav^  learned  the  operational 
principles  df  the^GMC  6-71  Diesel 
engine  fuel  system,  and  components. 
We  have  also  learned  the  Importance 
of  this  system  and  Its  components 
and  adjustment  to  obtain  a  smooth 
and  effectively  operating  engine. 
Thft- students  will  write  out  the  answer 
to  the  day's  daily  appraisal  In  order 
to  evaluate  the  students'  understand- 
ing of  the  subject  matter  presented.' 
In  oHer  to  maintain  this  engine  at 
its  peak  performance,  an  understand- 
ing of  this  systeirt  Is  a  must. 

'ASSIGNMENT  CTT  POI'  PARA  2b      2  Hrs 


1..   In  order  to  prepare  ourselves  for 

tomorrow's  lesson  on  the  six  (6)  cylln- 
^  der,  four  (4)  cycle  Multi-fuel  engine 
you  are  to  read  stodent  Study  ^Ide 
2|;ABR47330-SG-702B.   Oral  questions  will 
be  asked  in  order  to  evaluate  student 
^   understanding.   The  Multi-fuel  engine 
uses  a  theory  of  operation  that  will 
be  different  to  you.   After  having  read 


1.  Restate  objectives  of  the 
lesson  (covered  In  this  day) 

2.  Emphasize  the  area  of  maijor 
Importance. 

3.  Use  oral  questions  to  deter- 
mine areas. to  be  retaught. 


3fABR47330-SG-7O2B 

1.  Identify  stu4y  materials. 

2.  Give  reasons  fq^  student  to 
study  asilgnnent. 

3.  Mention  method  of  study. 


this  chapter  tonight  we  will  discuss 
any  question  that  you  have  tomorrow 
morning  -  good  afternoon  and  have  a 
good  day.   Conservatfon  o*- materials. 


INTRODUCHON  TO  NEW  DAY'S  WORK 

1>  Gain  student  attention  by  relating  a  personal  experience 
or  enalo' 
Instruct 


or  analooy  to  Insure  that  the  students  are  ready  to  receive 
ion. 


2.    Review;    Check  student  understanding  cf  student  Study  Guide 
3ABR47330-SG-702B  by  oral  questions  and  answer  method  then 
briefly  discuss- the  basic  operational  principles  of  the 
engine  which  will  Include  air  system,  lubrication  system. 


cool  ant- system  and  f^el  system. 


PRESENTATION: 
1.    Ref:    Para  ts,  Part  1. 
a.    Pertinent  data: 


i 


Student  Study  Guide  3ABR47330-SG-7028 
Continental  LDS-465-1 
Hulti-fuel  engine  No.  68-4038 


(1)  4  cycle-6  cyl  In-line 
engine 

(2)  Maximum  rpm  -  3100 

(3)  Maximum  hp  -  205  to  220 
at  2800  rpm 

(4)  Firing  order:    RH  1-5-3-6-2-4 

(5)  Compression  ratio:    23  to  1 

^  (6)    Compression  pressure  per 
cylinder  650  lbs 

(7)    Clearance  between  piston 

and  head  at  top  dead  center:  ,040 

b.    Air  system 

Dry  type  air  cleaner  (wash 
with  mild  soap) 

(2)   Air  cleaner  Indicator 

\,    (3)    Turbo- charger 

(a)   Air  Is  naturally  aspirated 
thru  Inlet  (compressor) 
side  when  starting* engine  4 


Hypercycle  Principle 
Chart  Number  66*313 


Film  TF9-3469 


Air  flow  Chart  NMmber  6«-317 


Turbo-charger  Chart  Nui^^cr  66-319; 
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(c)  Turbint  bUdtt  drivt  Cflnprtt^ 
sor  blades  by  a  connecHng 
driva  shaft,  causing  caa^- 
prassor  to  accaVtrata  Incom- 
ing sir  ^ 

(d)  'lncraaies  velocity  of 

Intaka  air  for  combustion 

(a)   Ineffectlva  ***»en  starting 
or  operating  engihe  at  low 
speed 

(4)  Intake  manifold 

<. 

(a)  "Water  jacketed"  to  pre-hcat 
Incoming  air  to  Improve  cold 
weather  starting 

(5)  Engine  head 

(a)  Co;^ tains  spiral  air  Intake 
passages  which  cause  air  to 
"swirl"  as  It  enters  the 
combustion  chamber 

(b)  Produces  "tornado"  effect 
on  fuel  In  combustion 
chamber  -  initial  S%  of 
Injected  fuel  Is  atomized. 
Ignited  and  functions  as 
spark  plug  for  remainder 
of  charge 

(6)  Manifold  name  heater  system  Mani f eld  Heater  Sys. 
^  '  Chart  Nuaber  W-331 

(a)   Pre-heat  Intake  air  In 
cold  weather  starting 


(b)  FueV'leaves  vehicle  tank 
at  7  psi  from  small  electHc 

p»jmp       "  ^  ^ 

(c)  Fiiel  enters  fuel  supply  / 
pump><s1de  of  l.njectlon  / 
pump)  then  flan^  heater  / 
fITttfr,  manifold  fuel 

pump  and  finally  delivered 
to  spray  nozzle  and  holder 
assembly 

(d)  24  volts  from  vehlcl^. 
batteries  Is  stepped  up  to 

35 .000 Volts  by  the  ignition  . t  c 

unit  and-ls  delivered  to  th* 
soark^luo  at  Intake  manifold 
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(e)  Sprl^  loadtd  toagle 
SMitdft  Is  held  closed 
for  5  seconds/et  a  time 
causlwj  5  second  burn- 
ing of  gasses  at  spaced 
Intervals 

(7.)   Exhaust  manifold , 

(a)  Delivers  exhaust  gasses  to 


(1)   on  pan  with  two  magnetic 
d^aln  plugs 


(a)  Positive  displacement  ~ 
gear  type  pump 

(b)  Driven  by  front  of  engine 
crankshaft 

(c)  Picks  up  oil  through 
inlet  screen  In  deep  front 
of  pan 

(3)  Oil  filters  (two)  • 

(a)   Replaceable  element  type 

(4)  Oil  filter  by^pass  valve 


(a)  Operates  on  15  lb  differen- 
tial pressure 

(5)   on  cooler 

(a)  Heats  oil  and  cools  the  oil 


(7)    Pressure  relief  valve 

(a)   Relieves  excessive  pressure 


(8)   Pressure  regolatcTr  valve 


the  turbine  (drive)  side 
of  turbo- charger 


lubrication  system 


Lubrication  System 
Chart  Number  74-22 


(2)   Off  pump 


.  (a)   Operation  Is  Identical  to 
oil  filter  by-pass  valve 


(a)  OtMrtnines  nonwl  opf rating        At  45ps1 
pressure 

(9)   Piston  cooling  oil  minimum 
pressure  valve 


(d)   Allows  oil  passage  to 
piston  cooling  nozzles 
as  1009  as  system  pressure 
remains  above  15  psi 

(b)   Closes  when  pressure  drops  * 
below  15  psi,  diverting  oil  J 
to  main;  connecting  rod, 
camshaft  bearHfigs  and  valve 
train 

(10)  Piston  cooling  nozzles 

(a)  Wl  sprayed  to  unde<"side  of 
piston  combustion  chambers 

(b)  Prevent  excessive  heat  at 
pistons 

(11)  Scavenger  oil  pump 

(a)  Driven  by  engine  crank- 
shaft 

(b)  Positive  displacement  gear 
type  pump 

(c>  Picks  up  oil  from  rear  of 
pan  when  vehicle  is  on 
hilly  terrain,  and  deposits 
.  oil  In  front  of  pan 

Cooling  system  v 

(1)  Radi  tor  -  19^  quart  capacity  Coolant  System 

.  Chart  Number  66-315 

(2)  Centrifugal  type* water  pump 
(a)   Belt  driven 

(3)  Thermostat 
(a)   Opens  at  180°F 

(4)  Oil  cooler 
(a)   Heats  and  cools  oiJ[ 


V' 
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' (5)   Water  manifold 

(a)  Surrounds  Intake  air  mani- 
fold . 

(b)  Aids  In  pre-heating  Incom- 
ing air 

e.   Multi-fuel  fuel  system 

(1)  Engine  will  operate  without 
adjustment  on  any  of  the  follow- 
ing fuels: 

(a)  Low  octane  gasoline  * 

(b)  Regular  octane  gasoline 

(c)  JP-4  jet  fuel 

(d)  Compression  Ignition  fuel 

(e)  Kerosene 

(f)  Diesel  engine  fuel 

(2)  Fuel  system  cdmponents 

(a)  Fuel  tank 

1_  SmaTIl  electric  fuel 
pump  at  tank  produces 
7  psi  as-  source  of 
fuel  for  system  use 

(b)  Manifold  flame  heater  system 

(c)  Fuel  filters 

1_  Primary  stage  filter 
2   Flifal  sti^e  filter  ' 
f,    P  S.B..-6A  Bosch  fuel  pump 


(1)  Driven  off  engine  camshaft 
at  crankcase  speed 

(2)  Fuel  supply  pump 
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(a)    Driven  by  gear  off  of 
the  fuel  Injection  pump 

camshaft  worm  gear 


Fuel  Sys.  Schmtic 
Chart  Nunbtr  66-321 


Chart  74-01 
Chart  74-02 


Injection  Pump  PSB-6A 
Chart  Number  66-329 


Use  Bench  Item 
Fuel  Injector  Pump 


Hirdraullc  head  components 
(i)   Head  block 


(2) 


Plunger 


Exp  Vain  the  operation  of  each 


(3) 


Control  sleeve 


Charts]  Pumping  Metering  l  74-03 


component  In  relation  with  the 
other 


(4) 


Plunger  drive. gear 


Pumping  Metering  II  74-04 
Punping  Metering  III  74-p5 
Punping  Metering  IV  74-06 


(5) 


Delivery  valve  assembly 


(6)  Plunger  return  spring 

(7)  Plunger  movement 

(a)  Vertical  -  by  means  of  3 
lobe  camshaft 

(b)  Rotary  -  worm  gear  on 
camshaft  drives  quill 
gear  causing  rotation 
of  plunger  drive  gear 
an^  plunger 

Injector  (nozzle  and  holder  assy)  Nozzle  Holder  Assy 


area  of  the  spindle  assembly 
which  Is  8  times  smaller  In 
area 

(3)   The  spindle  .assembly  Is  held 
in  the  closed  position  over 
the  nozzle  orifice  until 

spindle  popping  pressure  , 
reaches  2800  psi ,  uncovering  \ 
the  orifice,  allowing  Injec-  / 
tion  and  relieving  pressure 

(a)  Popping  pressure  Is 
adjustable 

* 

(b)  Tighten  adjusting  screw  to 
increase  spring  tension 
against  spindle  and  vice 
versa 


Chart  Niinber  66*320  ' 


(1)   Metered  quantity  of  fuel 

enters  the  injector  nozzle  at 
350  psi 


(2)   This  pressure  acts  on  an 


Excess  fuel  at  Injector 
IS  routed  pacK  to  fuel 


tank  thru  low  pressure  lines 

(15) 


Fu»3  density  compensator 
Chart  Number  66-328 
Explain  the  operation  of  each 
component  In  relation  with 
each  other 


1.   Fuel  density  compensator 

(1)  Built  by  Zenith  and  attached 
to  Bosch  Injection  pump 

(2)  Fuel  density  components 

(a)  Return  Spring 

(b)  Servo  Piston 

(c)  Servo  Piston  Rod 

(d)  Stop  Plate 

(e)  Stop  Plate  Adj  Screw 

(f )  Servo  Tap 

(g)  Servo  Tap  Adj  Screw 

(h)  Pressure  Regulator 

j.   Governor  (mechanical  -  variable  speed)   Mech.  Governor 

Chart  Number  66- 

(1)  Operating  lever  (connected  to 
throttle  linkage)  moves  fulcrum 
lever 

(2)  Fulcrum  lever 

•        "(a)   Forward  movement  r^tses 

plunger  sleeve  in  hydraulic 
head  thru  linkage 

(3)  Governor  springs  (inner  & 
outer) 

(a)   Spr^ing  tension  keeps  fly- 
weights 

(4)  Flyweight^  and  sliding  sleeve 
assy 

(a)  As  speed  Increases,  the 
flyweights  expand,  pushif^*  / 
rearward  on  the  s  1^1  ding 
sleeve 

(b)  The  sleeve  then 


es  the 
fulcrum  lever  against 
the  governor  soryjgs 
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(c)   When  pressurFMs  eoual 


on  both  *id«s  of  tht  levtr*  .  ^ 

the  engine  speed  will  stabil- 
ize 

k.    Advance  unit  (mechanical)         ,  Advance  Unit  ^ 

Chart  Number  66-32S 

(1)  Provides  up  to  9^  advance 

(2)  Advance  functions  between 
1000  and  3000  rpm 

(3)  Components 

(a)  Input  shaft 

(b)  Centrifugal  Flyweights 

(c)  Sliding  6ear 

(d)  Return  Spring 

(e)  Advance  Hub 

(4)  Advance  occurs  when  engine  rpm 
Increases  above  1000  causing 
the  flyweights  to  expand, 
pushing  the  sliding  gear  off 
the  Input  shaft  onto  the  cam- 
shaft causing  the  camshaft  to 
twist  In  the  direction  ^f 
rotation 

APPLICATION:    Ref:    Para      Part  1. 
1.    Interspersed  throughout  the  lesson 

EVALUATION: 
1.  Questions: 

a.  What  is  the  purpose  of  the  turbo- 
charger?  , 

Ans:    To  increase  the  veloaity  of 
Intake  air  for  combustion. 

b.  How  is  the  system  bled? 
Ans:    No  need  for  bleeding. 

c.  How  many  fuel  pumps  are  used? 
Ans:    Four  (4). 


'  d.   HoM  many  futl  filters  are  used? 
Ans:    Four  (4). 

e.  What  position  Is  the  plunger 
sleeve  In  when  the  engine  is 
stopped? 

Ans:    Down  position  or  no  fuel. 

f .  How  many  high  pressure  pumps 

are  used?         ,  ' 

Ans:    One  (1)  plunger. 

g.  What  Is  the  purpose  of  the  fuel 

density  compensator?  •* 

Ans:   Allow  for  different  vis- 
cosity. 

h.  What  does  initial  PSB  mean? 

V      Ans:    Pump,  single  plunger, 
Bosch. 

1.    How  is  the  speed  and  power 
changed? 

7  r 

Ans:    By  the  amount  of  fuel. 

j.  What  ufiits  are  driven  by  the 
blower  shaft? 

Ans:    Water  pump,  fuel  pump, 

blower  governor  oil  pump.  ^ 

k.    How  is  the  blower  shaft  driven?  ' 

Ans:    By  the  camshaft. 

1.    What  does  the  fuel  do  beside  run  the 

engine?  , 

Ans:    Cools  and  lubricates  the 

injector.  ^ 

m.    What  type  of  fuel  pump  is  used 
on  6-71? 

Ans:    Positive  displacement  gear  or 
vane  type. 

n.  <^At  what  speed  is  the  blower  driven? 

erJc 


Ans:   TWtci  tnglM  spttd. 

0.   What  are  the  two  functions  of  the  ' 
.    limited  speed  mtchanlcal  govtrrtar 
perform? 

Ans:   Controls  the  engine  Idle 
speed  limits  the  engine 
^  maximum  speed. 

p.    What  are  the  disadvantages  of  the 
turbocharger? 

Ans:   Not  effective  when  starting 
at  Idle  or  at  'iw  speed. 

q.    What  causes  the  air  to  "swIrV  as 
It  enters  the  cylinders? 

Ans:    The  Intake  ports  located  .  , 

In  the  head. 

r.    What  Is  the  purpose  of  the  manifold 
flame  heater? 

Ans:    To  pre-heat  the  Incoming  air 

as  an  aid  In  cold  weather  start- 
ing. 

s.    What  Is  the  purpose  of  the  piston 
cooling  oil  minimum  pressure  valve 
In  the  lubrication  system? 

Ans:    Diverts  oil  to  main  & 

connecting  rod  bearing  when 
system  pressure  drops  below 
15  psi. 

CONCLUSION  ISMIn 

SUff^RY  AND  REMOTIVATION: 

1.    Today  we  have  learned  the  basic  operational  principles  of  the  MuUi-fuel 
engine  which  included  the  Air  System.  Lubrication  System,  Coolant  System 
and  Fuel  System.   And  a&  In  the  previous  lesson  on  the  GHC  6-71  D1es«l 
engine,  we  found  that  the  .fuel  system  Is  one  of  the  most  Impoftant  systems 
covered.    The  student  will  write  out  the  answers  to  the  delly  appraisal  In 
order  to  evaluate  student  understanding  of  the  subject  matter  presented.  Being 
able  to  utilize  the  information  presented  tod«y  you  will  be  able  to 
operate,  service,  and  perform  maintenance  on  the  Multi-fuel  engine. 
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ASSIGNMENT  AND  CLOSURE: 

I    We  have  just  completed  the  lesson  pertaining  to  compression  Ignition  er»g1n«$. 
Our  next  lesson  will  pertain  to  Principles  of  Refrigeration  and  Air  Conditioning. 
Read  Student  Study  Guide  3ABR47330-SG-703  and  Comnerclal  Manual.  Chevrolet  > 
Heating  and  Air  Conditioning,  pages  10  thru  26.   You  will  have  an  oral  quiz 
on  the  Reading  Assignment.   Have  a  goodnight '$  rest  and  wt  will  see  you  tomorrow. 
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CRITERION  OBJECTIVES  AND  TEACHING  STEPS 

'i      -I'  jut  references^  identify  basic  faces  and  terms  per  aining  to  the  principles  of 
opc-rdtion,  function,  and  relationship  of  a'r  condition  ng  systems  and  components 
with  7C:.  accuracy.  i 

i 

I*- 

Teaching  Steps  are  Listed  in  Part  11- 

^7/ 
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INTRODUCTION 


l'  Attentton  and  Motivati^k  Gain  students'  attention  by /elating  the 
ii»portance  and  popular?f^of  Air  Conditioning  and^efngeration  System. 

?     RAwi«--    Orally  quiz  students  on  the  Reading  Asslgnemnt  that  was  given 
the  day  before  to  evaluate  their  understandin4-of  the  Reading  Assign- 
thent  of  3ABR47330-SG-703  and  Cownercial  Manual. 

3     Overvii-W  and  TIE-IN:    Inform  the  sludents  that  today's  lesson  will 
cover  the  Basic  Principles  of  Air  Conditioning  and  Refrigeration  and 

^      how  today's  modern  vehicles  are  equipped  with  these  units.    But  m  order 
to  be  able  to  repair  such  units  a  basic  understanding  of  the  principles 
jNjif.  refrigeration  is  a  must.  . 


BODY 

PRfSENTATION: 

1.  -Ref:  Para  a.  Part  1. 

a.    Principles  of  refrigeration 

(1)  '  Refrigeration 

(a)  The  transfer  of  heat 

(2)  Heat 

(aj    Form  of  energy 

(b)  Cannot  be  created  or 
destroyed 

(c)  Can  be  transferred 
' (3)    Law  of  heat  transfer 

'  (a)    Hot  to  cold 

.     (b)    Rate  of  transfer 

slows  as  temperature 
differential  decreases 

t4)   Methods  of  heat  transfer 

(a)  Conduction 

I   Through  a  solid  from 
molecule  to  molecule 

(b)  Convection 


5  Hrs  30  Mitv 


Refer  to  student  Study  Guide 
3ABR47330-SG'7G3 


Conmercial  Maf^ual  6A-279A 


EaAMRlE:    Electric  blanket 


EXAMPLE:    Forced  air  furnace 


1^  Through  a  gas  or  liqjiid 
the  molecules  carry  twe 


heat 


o 

ERIC 


ERIC 


it) '  Rddist  iv*^ 

1.   Transfer  by  waves 
V:        or  rays 

(5)    Sensible  and  latent  heat 

(a)    Sensible  hecjt 

1   Can  be  measured  and  felt 

Z-  Always*  causes  a  tempera- 
ture change 

3  Measured  by  a  thermo- 
meter 

4  Super  heat 

a    Sensible  heat  added 
to  a  substance  above 
its  boiling  point 


(b)    Latent  heat/ 


1   Changes  state  of  sub- 
stance 


2    Show  nb  temperature 
change 


(6)    Change  of  state 


1  » 


(a)  Physical  states^of  "fliatter 

1  Solid 

2  Liquid 

3  Gas 

(b)  Change  jof  state  i^s  always 
accomplished  by /a  gain  or 
loss  of  heat  / 

(c)  State  can  be  changed  two 
ways 

I    By  changing  temperature 
at  a  constant  pressure 

Z    By*  changing  pressure 
at  a  constant  temperature 

(2) 


EXAMPLE:  Sim- 


Air  Conditioning  System 
Chart  72-208       .  ' 


(Latent  heat  is  gained  or  los 


If 


40. 


/ 


(7)   Boning  point  (temperature) 

(a)  Temperature ^t- which  a 
liquid  starts  to  vaporize 

^  (b)   Controlled  by  pressure 


Air  Conditioning  Sys  Component 
Chart  72-209 


(c^*  Boiling  rate  Increases  as 
-    the  temperature  Increases 
or  the  pressure  decreases 

(8)  Condensing  point 

(a)  Temperature  at  which  a 
gas  starts  to  condense 

(b)  Controlled  by  pressure 

I 

(c)  Condensing  rate  increases  ^  . 
as  condensing  medium  temp-" 
erature  detreases  ^ 

(9)  Heat  measurement 

(a)  Thermometer  ^ 

1,   Measures  the  intensity 
of  heat 

2   Expressed  in  degrees 

(b)  Thermometer  scales 
1_  Fahrenheit 

a    32°F  freezing  point  •* 
b    212<>F  boiling  point 
2   Centigrade  f. 
a   O^C  freezing  point 
b    100°C  boiling  point 

(c)  British  thermal  unit 

1^  Measurement  of  amount 
of  heat  /' 

2^  A  BTU  is  defined  as 
the  amount  of  heat 
required  to  raise  the 

temperature  of  one  pound 
of  w^ater  one  degree  f ahren- 
heit  (3) 


Air  Conditioning  Sys  Component 
ChaK  72t219 


NOTE:    Both  scales  are  equal  at 


4' 
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(d)    Ton  of  refrigeration 

1  12.000  BTU's  per 
hour  removed  from  the 
load  equals  one  ton 

2  Derived  from  the  fact 
that  one  ton  of  320F 
ice  melting  in  a  24 
hour  period  absorbs 
288,Q00  BTU's 

(10)  Heat  Load 

(a)  Air  to  be  cooled 

(b)  Total  heat  load  expressed 
in  BTU's  or  tons 

(c)  Total  heat  load  depends 
on 

1_  Amount  of  air  to  be 
cooled 

2  The  difference 
between  ambient  temp- 
erature And  the  temper- 
ature to  yhich  the  air 
wilrbe  cooled        '  *■ 

3  Amount  of  moisture  in 
the  air 

(11)  Humidity 

(a)    Moisture  in  the  air  . 

>  (b)    Heat  removed  to  condense 

moisture  causes  no  temper-  " 
attjre  cf^nge 

•  ic)   Temperature  at  which  mois- 
ture 'condenses  is  called 
the  dew  point- 

(d)  Relative  humidity  is  the 
amount  Of  moisture  in  the 
air,  compared  to  the  total 
amount  the  air  could  hold 

at  the  same  temperature.  Film  TP  I  -  5536A 
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<12)  Refrigerants 

(a^   A  refrlwant  is  any  sub- 
.    .      stance  tnat  is  used. to 
N     resnve  and  transfer 
>  heat 

(b)  Types  of  refrigerants  *' 

1  Water 

2^  ^ichloromonofluorome- 
^hane  (R-U)  • 

3  Uichlorodifluoremethane 
(R-12) 

4  Henoch! orodifluorome- 
thane  (R-22) 

(c)  Desirable  properties  of 
a  good  refrigerant 

].    Low  boiling  point 

2  Low  condensing  pressure 
and  temperature 

3^  Non-in^uripus  to  lubri- 
cating o1 1 

4  Non-f  lanmable  and  non- 
explosive 

5  Non-corrosive' 

6  Operates  on  a  low  to 
moderate  pressure 

(d)  Undesirable  characteristic: 
of  refrigerants 

\  Frostbite 

^   Permanent  eye  damage 

3  Bfecomes  toxic  when 
overheated 

o 

4  Skin  irritation 


5    Damage  to  lungs 
(13)    Refrigerant  cylinder- 


Most  conrltcnly  used 


STRESS  safety: 


(5) 


ERIC 
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(a)  Do  not  &tore  refrigerant 
cylinders  In  an  area  above 
IZS^F 

(b)  Use  caution  when  handling 
or  opening  pressurized  cyl- 
inders 

(c)  fusible  plug 

■ 

APPLICATION:    Ref:    Para  a.  Part  1. 
1.    Interspersed  throughout  the  lesson. 

EVALUATION: 

1.    Check  student  understanding. 

a.  What  is  the  unitof  measurement 
for  heat  quantity? 

ans.  B.T.U. 

b.  What  is  sensible  heat? 

ans.    heat  that  can  be  measured  and 
felt. 

c.  What  is  latent  heat? 

ans.    Heat  that  will  create  a  change 
of  state. 


What  refrigerant  change  of  state 
absorbs? 

ans.    From  LPL  "to  LPG. 

e.  What  is  the  heat  load  on  the  Air 
Conditioner? 

ans.    The  air  to  be  cooled. 
« 

f .  What  two  ways  can  change  of  state 
be  brought  about? 

aris.    Conduction,  convection, 
radiation. 

g.  What  are  the  method  of  heat  transfer? 

ans.    Conduction,  convection, 
radiation. 


STRESS  SAFETY; 


\ 
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(6. 


\ 


How  does  changing  the  pressure  on 
a  liquid  affect  Its  bolltng  point? 


ans.    It  changes  the  point  at  which 


the  substance  boils. 


1. 


What  refrlgeraflt  is  niost  cowoonly 
used? 


ans.    Freon  R-12. 


CONCLUSION 


15  Min 


SUMMARY  AND  REMOTI VATION: 

1.    Today  we -have  learned  the  basic  principles  of  refrigeration  and  air  condi- 
tioning;   the  theory  of  heat  transfer  and  the  properties  and  types  of  refriger- 
ant. With  a  basic  knowledge  of  these  basic  principles  of  air  conditioning  and 
refrigeration,  you  will  find  that  these  facts  can  be  applied  to  any  refrigera- 
tion system.    At  this  time  the  dally  appraisal  will  be  administered. 


ASSIGNMENT  AND  CLOSURE: 

1.    We  have  just  learned  the  basic  principles  of  air  conditioning  system.  Tomorrow 
we  wilTdiscuss  the  air  condition  system  components.    By  reading  student  Study 
Guide  3ABR47330-SG-704  and  Cownercial  Manual  GA-279A    Pages  14-23.  you  will  be 
able  to  discuss  and  answer  orally  questions  about  the  system  components.  Have 
a  good  day  and  we  will  see  you  tomorrow. 
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CRITERION  OBJECTIVES  AND  TEACHING  STEPS 


(DVFR) 


Provided  with  tools  and  equipment,  comnercial  manual,  bench  items,  and  practicing 
automotive  personnel  and  equipment  shop  safety,  repair  or  service  air  conditioning 
system  components  I  AW  technical  publications. 


Teaching  Steps  are  Listed  in  Part  II. 
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EQUIPMENT  LOCATED 
IN  LABORATORY 

8.  Adapter  90°  Angle 

9.  Mechani6ls  Conmon  Handtools 

10.  Spfecial  Jools 

11.  Air  Conditioning  System 
Components 

\l>  Tester,  radiator  &  cap^ 


GRAPHIC  AIDS  AND 
UNCLASSIFIED  MAT. 

8.    Chart:  CC72-218 


/ 


■V: 


INTRODUCTION 


Approx  10  Min 


1.  Attention  artd  Motivation:   Gain  studtnts*  attention  1^  an  appropriate  analogy 
and/or  personal  experience  to  insure  student  are  mentally  alert. 

2.  Review:   Orally  qui 2  student  on  the  reading  assignment  that  was  glve^  the  day 
before  to  evaluate  their  understanding  of  the  Study  Guide  3ABR47330'SG-704 
and  Connerclal  Manual  ST-346-71. 

3.  overview  and  TIE-IU:  Today's  lesson  will  cover  the  major  compontntt  of  our  Air 

Conditioning  System.   The  compressor*  condensor,  Receiver-Dehydrator,  Expan- 
sion Valve  and  Evaporator  we  will  learn  the  function  of  each  unit  In  our  system 
and  also  disassemble  and  reassemble  the  compressor  unit. 


BODY 


PRESENTATION:    Ref:    Para  a,  Part  1. 

a.    Basic  refrigeration  cycle 
components 

(1)  Receiver-Drier 

(a)  Storage  Tank 

(b)  Remove  moisture 
from  Refrigerant 

(2)  Expansion  Valve 

(a)    Meter  refrigerant  into 
cooling  coils 

(3)  Evaporator 

(a)    Cooling  Coil 

(4)  Magnetic  clutch 
Drive  the  compressor 

(5)  Compressor 

(a)  Prepare  refrigerant 
for  condensation 

(b)  Types  of  Compressor 
1_  Reciprocating 

2     Swash  Plate 

(c)  Servicing  compressor  ^ 


Approx j4  Hrs  40  Min 


Use  Student  Study  Guide 
3ABR47330-SG-704 
and  Comtnercial  MAnn;«i 
6A  279A 

Air  Conditioner 
Chart  72-217 

Air  flow-four  season  &  components 


Chart  72-216 
Expansion  Valve 


Chart  72-215 

Evaporator  Pressure's  Control 

(P.O. A.)  Valve 
Types  Warner  Mech  Pitt  Elect 

Compressor  Disassembled 
Chart  72-218 
Chart  72-214 

Six  cyl  compressor  exploded 
view 


1   Oil  Level 


Can  be  checked  only  after 
discharging  system 


£  Dipstick 

b  Must  be  checked 
prior  to  femoval  or 
replacement 

(1)  Must  be  at  least 
6  oz 

(2)  Not  more  than  8  oz 

(2)    Excess  must  be 
removed 

(a^)    Cause  abnormal 
operating 
pressure 

(b)    Reduced  per- 
formance 


(6)  Condenser 

(a)   Transfer  heat  from  the 

refrigerant  to  the  ambient 
air 

b.    High  and  low  side  refrigeration  cycle 

(1)    Low  side 

(a)    Provides  conditions  for 
cooling 

Expansion  valve 
meter  refrigerant  into 
evaporator 

2   Evaporator  receives 
low  pressure  liquid 
refrigerant  which 
absorbs  heat  as  a 
change  of  state  occurs 
on  the  refrigerant 


(2)    High  Side 


(a)    Recovers  and  stores 
refrigerant 

j.   Compressor  transfers 
refrigerant  from  evapora- 
tor to  condenser 

(2) 


Show  Bench  Item  Condenser 


Chart  72-210 
Cut-away  view  of 
service  valves 


2  Condenser  receives 
the  high  pressure  ges 
and  allows  a  change'  of 
state  to  occur  on  the  /  ) 
refrigerant 


3   Receives, accepts  and 
'  stores  refrigerant 
for  reuse 

(3)  Separation  of  high  and  low 
sides 

(a)  Expansion  valve  separa- 
tion high  side  from  low 

'  side 

(b)  Compressor  separates  low 
side' from  high  side 

(4)  State  of  refrigerant  through- 
out the  refrigeration  cycle 

(a)  Receiver 

.  I    B%  MPL  and  20%  HPG 

(b)  Expansion  Volve 

1  Inlet  HPL 

2  Outlet  iPL 

(c)  Evaporator 

1  Inlet  LPL 

2  Outlet  LPL 

(c)  Evaporator 

1  Inlet  LPL 

2  Outlet  LPG 

(d)  Compressor 

1  Inlet  LPG 

2  Outlet  HPG 

(e)  Condenser 

i  Inlet  HPG 


Kit  Air  Con<f1tioning  Servicing 


Ai r  Condi  tioning 
Show  Expansion  Valve 


Show  AC  Compre'ssor 


(3)  J'.. 


o 
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2   Outlet  HPL 

APPLICATION: 

1.    Ref:    Para  1.  Part  1. 


EVALUATION: 

1.  What  component  removes  any  mois- 
ture from  the  refrigerant?  ^ 

Ans :    Dri  er . 

2.  What  component  where  a  change  of  state  occur 
from  APG  to  LPL  tfccur?, 

Ans:  Condenser. 

3.  Where  does  the  change  of  state  from  HPL 
to  LPL  occur?  . 

Ans:    Expansion  valve. 


Air  Conditioning  Trainers 
Trainer  74-4362 
Trainer  72-428" 
Trainer  72-42b.^ 
Trainer  72-4290 

Adapter  90° Angle 

Kit  Air  Condition  Sarvicing 

Vacuum  Pump 

Hand  and  Special  Tools 

Tester  Radiator  &  C^;p 
Use:    Student  workbook 
3ABR47330-WB-704 

Air  Conditioned  Veliicle 
Check  student  understanding 


How  many  changes  of  states  occur  in 
or|e  refrigeration  cycle? 

Ans:'  Two. 

5.  What  is. the  function  of  the  refrigerant 
compressor?  \  ' 

m  * 

Ans:    To  raise  the  pressure  and  tempera- 
ture of  the  refrigerant. 

6.  What  safety  device  is  found  on  the 
receiver? 


« „ , 


Tu^T'ole  plug. 


7.    What  type  heat  is  removed  frtyn  the 

refrigerant  before  it  begins  to' condense? 


8. 


Ans 


Latent  heat. 


ERIC 


WhaV^ype  of  heat  is  added  to  the  refrig- 
erant .before  it  begins  to  evaporate? 


(4) 


Ans:    Sensible  heat. 

9.   WRat  is  the  state  of  the  refrigerant' 
In  the  receiver? 

Ans:    BOX  HPL  artH  20X  HPG. 

CONCLUSION  lOMin 
SUMMARY  AND  REMOTIVATION:  * 

1.    Today  we  have  learned  what  five  basic  components  make  up  a  refrigeration  or 
air  conditioning  system.    These  components  are  the.  receiver  drier,  expansion 
valve,  evaporator,  compressor  and  the  condensor.    Knowledge  of  these  compon- 
ents are  essential  to  the  repairman  to  be  able  to  troubleshoot  and  repair 
an  Air  Conditioning  System.    We' will  now  administer  the  daHy  appraisal  to 
evaluate  student  understanding. 

ASSIGNMENT  AND  CLOSURE: 

U    For  ton^orrow  you  are  to  read   study  guide  3ABR47330-SG-705.    Als6  be  prepared 
to  answer  questions  orally  on  the  before  mentioned  chapter. 


(5) 
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EQUIPMENT  I.OCATE0 
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1.  Trainer: 

2.  Trainer: 

3.  Trainer: 

4.  Trainer: 


72-4288 
72-4289 
72-4290 
74-4362 


5.  Air  Conditioner 
Equipped  Vehicle 

6.  Kit,  Air  Cond.  Serf. 

7.  Vacuum  Pump 
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rRO««  SUPPLY 


None 
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ORAPHiC  AiOS  AND 
UNCLASSIFIED  MArERiAL 


1.  3ABR47330-SG-706 

2.  Chart:  CC72-213 

3.  Chart::    CC  72-212 

4.  Chart:    CC  72-211 

5.  Film:    TF  -55368 

6.  Conmercial  .Manual 
GA-279A 


CRITERION  OBJECTIVES  AND  TEACNINC  STEPS 


Supplied  with  an  assigned  air  conditioning  trainer,  tools,  and  equipment,  cormier- 
cial  manual,  and  observing  automotive  personnel  and  equipment  shop  safety,  use 
visual,  auditory,  operational  means,  and  test  equipment  to  check,  adjust,  and 
isolate  malfunctions  in  the  air  conditioning  system  lAW  technical  publications. 


Teaching  Steps  are' Listed  in  Part  II. 


•'^  *uo« 


770 


^  GPOi  IBtA  77ft*  S««/AJ 
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EQUIPMENT  LOCATED 
IN  LABORATORY 

8.  Adapter  90O  Ahgle 

9.  Mechanic's  Conmon 
Hand  Tools 

10.  Special  Tools 


INTRODUCTION 


15  Hin 


1.  Attention  and  Motivation:  jQaIn  students'  atttntlon^'by  using  «n  a^roprlate 
analogy  or  personaV experi ence  to  Insure  students  are  mentally  alert. 

2.  Review:   Orally  quiz  students  on*the1r  reading  assignment  that  they  were 
given  the  day  before  to  evaluate  their  understanding  of  the  material  cov- 
ered In  Study  Guide  3ABR47330-SG- 705. 

3.  Overview:    Today's  lesson  w«fll  learn  how  to  use  visi^al,  auditory,  and  opera- 
tional means  to  check,  adjust  and  isolate  malfunctions  in  conditioning 
system  components  which  Include  evacuating  and  charging  the  air  conditioning 
system. 


PRESENTATION: 

1.    Refer  to  Para  a.  Part  1. 
a.    Magnetic  clutch 

(1)  Types 

(a)  Warner 

J_  Copper  wire 
2    Aluminum  wire 

(b)  Pitts  (Electro-Loc) 

(2)  Testing 

(a)   Short  dr  open  circuit 

1  Amneter 

2  Connect  In  series 

(3)  Disassembly 

(a)   New  bearing  every  time 
clutch  is  disassembled 

(4)  Assembly 

(a)  Pulley  and  hub  are 
mated  parts 

(b)  Do  not  replace  either 
unit  separately 

(c)  May  reduce  the  initial 
torque  of  the  clutch 


BODY  14  Hrs  30  Min 

Use  S^udy  Guide  3ABR47330-SG-706 
ChartJoagnetic' clutch  72-213 
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b.  6dS  seal 
(1)  Types 

(a)  Cartridge 

(b)  Unitized 

'       (2)   Replacement  procedures 

vary  with  type  of  seal  used 

(a)  Special  care  must  be 
used  to  prevent  damage 
to  the  carbon  ring 

(b)  Must  be  soaked  with 
refrigerant  oil 

c.  Cleaning 

(1)  Work  area 

(a)    Clean  and  free  of  air-borne 
dust  and  dirt 

(2)  Material  to  be  used 

(a)  Lint- free  clothes 

(b)  ^ry  compressed  air 

(c)  Clean  mineral  spirits 

d.  Safety  precautions  ^ 

(1)  Do  not  use  compressed 
air  to  dry  bearings 

(2)  Completely  discharge  system 
'before  attempting  to  perform 
any  disassembly  or  repair  to 
the  compressor 

APPLICATION: 

or^^.j-  ^;^-a  a ,  Part  1. 


Show  Film  TFI-5536B 


Use  Study  Guide  3ABR47330-SG-7C6 
Air  Conditioninq  Trainers 

72-4238 
72-4289 
72-4290 
74-4362 

Mechanics  Common  «  Special  Tools 


Kit  Air  Conditioner 
Adapter  90°Angle 
Vacuum  Pump 

Air  Conditioned  equipped  Veh'cl£ 
END  OF  DAY  SUMMAftV 

SUMMARY 

1.    Today  we  have  learned  the  servicing    (2V^^  ''^-    '^^state  objectives  of  the 


portion  of  the  air  conditioning  system 
components,  such      the  compressor 
iiagentic  clutch  and  gas  seal.  We 
have  also  iMrned  hOM  to  check  oil 
level  In  the  compressor  and  what 
the  effect  would  be  if  .too  much  , 
refrigerant  oil  were  placed  in  the^'* 
system.    It  is  also  Important  to 
know  whet  can  and  cannot  be  used 
to  clean  the  system  components 
and  how  to  do  the  job  safely 
as  well  as  correctly.    It  is 
evident  that  one  of  the  most 
comnon  areas  ^or  a  refrigerant 
leak  to  occur  is  at  the  gas 
seal  and  it  is  equally  import- 
ant fof  you  to  develop  sound 
and  accurate  repair  method^s  and 
techniques  to  replace  this  seal 
or  th6  leak  will  re-occur.  Stu- 
dents will- write  out  the  answers  ^ 
to  the  Dally  Appraisal  in  order  to 
evaluate  student  understanding  of 
subject  mftter. 

ASSIGNMENT 

/ 

1.    Tonight  I  want  you  to  study  the 
notes  that  you  have  taken  during 
today's  lesson  and  read  Study 
^  Guide  3ABR47330-S6-705.    Oral  questioBs 
will  be  asked  at  the  beginning  of  tom- 
orrow's lesson. 


lesson,    (covered  In  this  day) 

2.    Emphasize  the  area  of  major 
Importance. 


3.    Use  oral  questiOQSs^^o  deter- 
mine areas  to  be  retaught. 


/ 


r.    Identify  study  materials- 

2.  Give  reasons  for  student  to 
study  assignment. 

3.  Mention  method  of  study. 


3. 


INTRODUCTION  TO  HEU  DAY'S  WORK 

Gain  student  attention  relating  a  personal  experience  and  analogy  to 
insure  ^hat  the  student  are  mentally  alert 

Review:    Yesterday  we  learned  the  importance  of  using  the  right 
type  of  refrigerant  oil  and  the  proper;  procedure  for  checking  the 
level  of  the  lubricant.  /  We  also  learned  service  and  maintenance  of 
air  conditioning  components  such  as  the  magnetic  clutch  and  compres- 
sor gas  seals  and  what  would  be  the^result  if  these  procedures  were 
not  followed.    Ask  oral  questions  on  yesterday's  assignment. 

Todav  we  will  continue  with  the  ticpubleshootinq  procedure.  Also 
^evacuate  and  charge  ar^alY'  conditioning  system. 


PRESENTATION: 

1.    Refer  Para  a,  part  1. 

a.    Procedures  of  troubleshooting 


•J 


1  > 


(3) 


ERIC 


0 


(1)  simplest  to  the  hardest  or  most 
probable to  the  least  probable 

(2)  Cowwn  sense 

(3)  Equipment  for  troubleshoot- 
ing 

,  (a)  Manifold  gauge  set 

(b)  Hilite  torch 

^  1^  Soap  and  water 

APPLICATION : 

1.    Refer  Para  a,  Part  1. 


V 


Chart  Evacuating  System 
72-212 


Chart  Charging  System 
72-211 


Air  Conditioning  Trainer  74-4362 
Mechanics  Common  &  Special  Tools 
Use  workbook 

3ABR47330-WB-706 
Air  Conditioning  Trainer 

Kit  Air  Conditioner 

Adapter  90o  Angle 

Vacuum  Pump 

Air  Conditioned  Equipped  Vehicle 


END  OF  DAY  SUhMARY 


SUMMARY 


Today  we  have  learned  how  to  effec- 
tively troubleshoot  and  repair  the 
air  conditioning  system.    It  is. 
important  that  we  know  how  to 
effectively  diagnose  problem  areas 
that  will  occur  from  time  to  time 
locating  problem  areas  is  the  most 
important  part  of  any  repair  job. 
The  student  will  write  out  the 
answers  to  the  daily  appraisal 
In  order  to  evaluate  students' 
understanding  of  the  subject 
matter. 


1. 
2. 
3. 


Restate  objectives  of  the 
lesson,    (covered  in  this  day) 

Emphasize  the  area  of  major 
importance. 

Use  oral  questions  to  deter- 
mine areas  to  be  retaught. 


AS<;iRWMrNT     CTT  PCI    Para  6a     2  Hrs  3AaR47330-Si^-7C5 

Contnprcial  Mari-'^l  CA-279A 

1.    Tonight  I  want  you  to  ^tudy  the  notes  that     1.    Identify  study  materials, 
you  have  taken  during  today ^s  lesson  and 

rpa^'  St: Hy  Guide  3ABR47330-S6-705  oral  2.    Give  reasons  for  student 

questions  will  be  asked  at  the  beginning  to  study  assignment. 

of  tomorrow's  lesson.    Review  system  trouble- 

Shootincj  in  snap  on  manual  GA-279A.  3.    Mention  method  of  study. 

INTRODUCTION  TO  NEW  DAY'S  WORK 

1.    Arouse  student  attention  by  asking  thought-provoking  questions. 

(4)- 


ERIC 


2.  Review: 


3. 


Review:   Yesterday  we  learned  the  Importance  of  how  to  effec- 
tively troubltshoot  and  repair  th«  air  cofidltloning  system. 
We  also  learned  how  time  saving  and  economical  proper  trouble- 
shooting can  be.   We  also  learned  hoM  one  canponent  that  is 
not  operating  properly  could  adversely  affect  another.  As 
oral  questions  on  yesterday's  assignment. 

Today  we  will  continue  to  troubleshoot  and  diagnose  mechanical 
malfunctions  that  occur  within  an  air  conditioning  system.  We 
will  also  evatuate  and  charge  an  air  conditioning  system. 
You  will  also  be  given  a  block  test  prior  to  graduation. 


APPLICATION: 

I.    Refer  Para  a,  Part  i: 


Use  Study  Guide  3ABR473:^O-SG-706 
Kit  Air  Conditioner  Service 
Adapter  90°  Angle 
Vacuum  Pump 

Air  Conditioning  Trainer  74-4362 
Air  Conditioned  Equipped  Vehicle 


ERIC 


EVALUATION 


1.  What  must  be  accomplished  before 
attempting  to  check  the  refrigerant 
oil  level? 

Ans:    Discharge  system. 

2.  What  would  result  from  an  excess 
of  refrigeration  oil? 

Ans:    Abnormal  pressure  and 
reduced  performdnce. 

3.  What  electrical  tests  are  per- 
formed on  the  magnetic  clutch 
coi  1  ? 

Ans:    Shorted  and  open  circuit. 

4.  What  test  instrument  is  used  to 
perform  the  electrical  tests  on 
the  magnetic  clutch  coil?  ^ 

Ans:  Ammeter. 

5.  What  must  be  replaced  each  time 

the  magnetic  clutch  is  disassembled? 

Ans:  Bearing. 

6.  What  may  result       other  than 
mated  clutch  parts  were  asse-rbled? 


(5) 


Check  student  understanding 


\ 


\ 


Ans:    Reduced  Initial  torque. 

7.  What  must  you  do  before  installing 
a  new  gas  seal? 

Ans:    Soak  it  with  refrigerant 
oil. 

8.  What  solvent  is  used  to  clean 
refrigeration  comporients? 

Ans:    Mineral  spirits. 

9.  What  must  be  installed  in  the  air 
conditioning  system  to  effectively 
troubleshoot  the  system? 

Ans:    Manifold'gauge  set. 

10.    What  would  appear  in  the  sight 
glass.*1f  air  were  present  1n 
the  system? 


Ans:  Bubbles 


\ 

11.  How  would  an  overcharge  of  ref- 
rigerant be  incjicated  on  the  mani- 
fold gauges? 

Ans:    High  suction  and  discharge 
pressure. 

12.  What  should  be  checked  first  if 
the  compressor  drive  shaft  will 

not  turn? 

Ans:    Drive  belt. 

13.  What  is  used  to  locate  a  refriger- 
ant leak? 

Ans:    Halite  torch  or  soap  and 
water. 

What  ^ef^ty  precaution  must  be 
observed  wnen  using  the  Halite 
torch  to  locate  a  leak? 


Ans:    Do  not  inhale  the  fumes. 


SUMMARY  AND  REMOTIVATION: 


CONCLUSION  15  Min 


1.  Today  we  have  completed  the  methods  of  troubleshooting,  checking  and  adjust- 

Q  ing  air  conditioning  systems  and  components,  by  visual  and  auditory  means 
ERIC  '"^ 

—  5ii 


You  have  been  taught  hoM  to  evacuate  and  charge  the  alf  conditioning 
system.    I  sincerely  hope  that  when  you  reach  your  next  duty  assign- 
ment the  information  that  was  presented  here  will  help  you  to  perform 
your  assigned  duty  with  maximum  efficiency. 
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TECHNICAL  ORDERS 


OBJECTIVES 


After  completing  this  unit  of  instruction,  you  will  have  a  general  knowl- 
edge of  th«  purpose  and  use  of  the  Air  Force  Technical  Order  System. 

INTRODUaioy 

The  technical  order  system  is  the  official  means  of  providing  technical  / 
instructions  in  the  form  of  technical  orders  (TOs).     The  purpose  of  technical 
orders  is  to  provide  instructions  and  information  fpr  the  safe  and  efficient 
operation,  maintenance,  modification  (change),  and  overhaul  of  AF  equipment. 
Examples  of  such  equipment  are  aircraft,  raisrtles,  trucks,  automobiles,  tools, 
and  machines. 

Technical  orders  are  also  published  which  contain  instructions  on  subjects 
such  as  safety  procedures,  preparation  of  maintenance  forms,  and  the  handling 
of  Af  material. 

INFORMATION 

Air  Force  personnel  at  all  levels  are  faced  witn  a  rapid^^'  increasing 
need  to  further  their  knowledge  of  the  AF  technical  order  sysitem.  Programmed 
Text  3ABR4  733O-PT-10  3  has  been  developed  to  provide  a  general  knowledge  of  the 
technical  order  svstem  as  it  applies  to  vehicle  maintenance.     Carefully  read 
Che  information  and  instructions  in  the  text.     The  instnictor  will  be  standing 
by  if  you  should  ^eed  help. 


General  Vehicle  Branch 
Chanuce  AFB,  Illinois 
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COMPRESSION  IGNITION  ENGINE  FAMILIARIZATION, 
OPERATION,  AND  SERVICING 


OBJECTIVES 


After  completing  this  unit  of  instruction,  you  will  understand  the  con-  v 
struction  of  the  GMC  two-stroke  cytle  diescl  engine  and  be  able  to  correctly 
operate,  inspect  and  service  the  GMC  diesel  engine. 

INTRODUCTION  ^ 

\ 

The  first  successful  diesel  engine  using  liquid  fuel  was  .constructed  in 
189  7.    The  first  experimental  engine  used  pulverized  coal  and  fuel  but  was  a 
t^ilure*    After  a  second  engine  also  failed »  liquid  fuel  was  used.     The  engine 
xhen  proved  successful. 


INFORliATION 


DIESEL  ENGINE  FAMILIARIZATION 


The  diesel  engine  is  mechanically  the  same  as  the  gasoline  engine.  For 
operation  they  both  depend  upon  fuel,  air  and  ignition*    Pistons  move  up  and 
down  in  cylinders  and  connecting  rods  are  fastened  to  a  crankshaft  that  changes 
reciprocating  rotion  into  rotary  motion.     There  is  very  little  difference  in 
the  external  appearance.     Both  the  gasoline  and  the  diesel  engine  extract 
energy  from  the  burning  of  an  air-fuel  mixture  inside  of  a  cylinder. 

The  diesel  engine  is  an  internal  combustion  power  unit  in  which  heat  of 
the  fuel  is  converted  to  work  in  the  cylinders.     In  the  diesel  engine,  air 
alone  is  compressed  within  the  cylinder;  after  the  air  has  been  compressed 
a  charge  of  fuel  is  sprayed  into  the  cylinder  and  ignition  is  accomplished  by 
the  heat  of  compression. 


Figure  1.  Scavenging 


Figure  2#  Compression. 


THE  TVO-STROKE  CYCLE  PRINCIPLE 

Every  other  stroke  in  a  two-stroke  cycle  engine  is  a  power  stroke.  Intake 
and  exhaust  must  take  place  during  part  of  the  compression  and  power  strokes 

3 


0  J  J 


Figure   3-'  Power. 


Figure  4.  Exhaust 


 e'-       r:-is  sequence  is  referred  to  as  scavenging,   figure  1;  ccmpres^i. 

.-£.',^7-  -.ower,  figure  3;  and  exhau3t,  figure  In  contrast,  a  four-stroKe 

••c'c  e-^T.e  recuires  four  piston  strokes  to  complete  an  operating  cycle. 

.-during  one-half  of  Lts  operation,  tne  four-stroke  cvcle  engine  functions 


.r  putnp 


•  ^    1  --^vious  lesson  the  two-stroke  cycle  engine  was  explained  as  navin^ 
v,,u.--"  Intake  ports  cut  into  the  cycle  walls.     The  GMC  diesel  engine  nas- 

ntake  ports  cut  into  the  cvlinder  wall  sleeves,  and  utilizes  two  exna^st  va.ve 
:   t;.e  top  of  each  cylinder* 

-he  series  of  ports  cut  into  the  cvlinder  sleeve  are  located  above  the^ 
l.tor.  •.-P.c^r.  It  is  at  the  bottom  of   its  stroke.     .Ur  is  admitted  into  tne  cv.in.. 
a  s.-or  a5  tne  ton  face  of  the  piston  uncovers  the  ports,   figure  1.      .he  t.ou 
"   V  r-*'.,nvar'i  toward  the  exhaust  valves,  which  are  open  at   this  tinie,  proauc.- 
*  ^cawncing  effect,  leaving  the  cylinder  full   of  clean  air  wnen  tne  pijtcn 
..II-/  ^ov.-r-.  tne  inlet  ports  on   its  wav  upwarc .     In  ^jrder  to  assure  t:;at  t::e 
'  ■ .^Jr..  sur-jlicG  with  an  abundance  of   fresn  air  and  t^  aid   m  oC  aveng  i  n,: 

-o  '..vi:no.:-"r  of  turned  gases,  a  blower  and  air  box  are  -lounted  on  •:^.e^si^u  oi 
.  blower   forces  air   inc-  ti.i;  air  box.  wr-.ic;;   i"   ram,  .u.lv.  .. 


:  t   ;s  ;.=eing  scavenge  a  also  cools  Che  valves  and  injector  tips. 

.   -ru-  pi. ton  continues  on   the  upward  stroke,   the  exhaust  valves  close 
and  ci.arge  of   fresh  air  is  subjected  to  conprt^ssion ,   ngure  me  iir 

.cing  ccmpressea        orougnt  to  a  very  ;ii,;n  te-,perature . 

Siu-rtlv  before  tne  piston  reaches  its  nighest  position,  tne  required  ar.cx: 
^f   -'ue'         sp*-ayed  into  the  conbustion  space  by  the  unit  fuel  injector, 
f-gure'3.     ri;e  intense  heat,  generated  by  tne  high  compression,  ignites  me 
.-.,^1   s;-rav.     7,..  combustion  continues  as   long  as   the   fuel  snrav  las  .s  . 
T-ne  re.vulting  pressure  forces  the  piston  downward  on  its  power  =trorce.  li.e 
..v-.  v.-.»-  •..•alvT'^  are  acain  ooened  when  the  piston  is  about  nalfway  uown ,  tigure 
cr.nrrH-  rnereafter,   the  downward  moving  piston  uncovers  tne  inlet  ports  anu  t: 
cvl'-ndcr  is  again  swept  with  clean  scavenging  air,  figure  1.     Tins  entire  ^oin- 
bustion  cycle  is  completed  for  each  revolution  of  the  cranksnaft,  or  in^otner 
word:=  ,  two  btroKes,  tnus  the  "r^'o-stroke  cycle." 


CONSTRUCTION  AND  OPERATION  OF  YHE  GMC  DIESEL  ENGINE 

The  previous  paragraphs  gave  you  a  brief  explanation  of  the  two-stroke  cycle 
principles  as  apply  to  the  CMC  dieseL  engine.     The  main  ditfetences  you  have 
encountered  between  this  engine  and  the  ordinary  four-stroke  cycle  gasoline 
engine  are  the  va^ve  arrangement,  the  method  of  mixing  the  fuel  tnd  air,  and  the 
mafnner  in  which  the  fuel  and  air  mixture  is  ignited. 

Valve  Arrangement 

No  intake  valves  are  used 
ia  the  GMC  diesel  engine-  Each 
cylinder  is  equipped  with  two 
exhaust  valves,  figure  5,  which 
open  and  close  at  the  same 
tirie.     This  arrangement  assists 
the  burned  gases  to  escape  the 
cylinder  with  the  least  amount 
of  delay.     The  valves  are 
located  in  the  cylinder  head 
and  are  operated  by  a  cam- 
s:\ait,  lifters  (cam  followers), 
push  rods  and  rocker  arms. 

Tuei  and  Air  Mixture  and  Ignition 

.Air  is  admitted  into  the 
cylinder  through  a  series  of 
ports  cut  into  the  cylinder 
sleeves*     As  the  piston  is  on 
its  upward  stroke  the  exhaust 
valves  close  and  the  ports  are 

covered  by  the  piston  and  the  charge  of   fresh  air  is  subjected  to  compression, 
T:-is  brings  the  compressed  air  to  a  very  high  temperature.     Shortly  before 
::io  piston  reaches  its  highest.  p€?s  it  ion ,  the  required  amount  of  fuel  : 
sprayed  into  the  combustion  space.     Tlie  intense  heat»  generated  b  "  t::<.  ^^ign 
.:cnipression  of  the  air,  ignites  the  fine  fuel  sprav  inmedia tely . 

The  '.^MC  Fuel  System,  Figure  6 

The  GMC  fuel  system,   figure  6,    i.^  teferr^'C  tv^  ;is   liic        .-ii.ir^i -...al  type 
"  l.n-ough-tlow .  "     Tne  purpose  of  tnii^   tvpe  is   to  ccoi   t^e  ir.iect^r.-.. 

The  fuel  system  used  is  different  from  that  used  on  nost   diesel  engines. 
T:;ere  are  several  reasons  for  this,  one  being  t!iat  ti\e  fuel   is  usee  to  neip  cool 
tne  engine-     This  engine,  because  of   tiie  greater  number  of  power  impulse  crank- 
snaft  revolutions,  would  otherwise  become  overheated,  except  fnr  tne  additional 
cooling  features  built  into  it . 

Included  in  the  fuel  system  are  the  injectors,  tiei  punp ,   fuel  filters 
ind  fuel  manifolds.     Fuel  is  drawn  trom  the  source  or  supplv  chrougn  the  primary 
filter  by  the  fuel  (transfer)  pump.     This  pump  is  driven  trorr.  awe   rear  end  of 
tne  blower  lower  rotor  shaft.     From  the  pump,  fuel  is  pumped  through  the 
^econdar;^^  filter  to  the  fuel  intake  manifold  where  fuel   is  supplied  to  tne 


1.  FTrK«^«»  Val^  S.  Vmlt«  Spriag  Cftp 

2.  ExhAUit  Valve  Spring  6.  VaWe  Spring  SMt 

3  ExhausY  Valve  Guide  T.  Hmrdeoed  Scat  Valve 
4.  Tapered  Seat  Lock 


Figure  5.     Assembly  of  Exiiaust 
V^ilves^  and  Guides . 


OUTLET  I^IPE 


•  —  INLET  PIPE  ii 


OUTLtT 

MANIFOLD 
\ 


INJECTOR  / 

UNLET 

^JANIFOLD 


(Secondary) 


1 


FUEL  PUMP  j" 

■  ( T  r  a  n  s  f  e  r  j^f  ij 
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Figure  6.     C-MC  Diesel  Fuel  System. 

iniect-rs       Fuel  is^fiitered  when  it  enters  the   injectors  and  also  when  it 
injectors .     ru«;i            _                      .h^  ,„^..   ►•■.h   -  n  ^ec^-'-s  Is  returned  througn 
leaves  them.     Surplus  tuel  fiowing  throug..  ...e  .n.,ec.  

the  outlet  raanifold  to  the  supply  tank. 

AS   the  fuel  must  be  injected  into  t:..   co..bustxon  chanber  ^^'j^^S'^ 

piston  reaches  its  hignest  point  in  tne  ^  ^  ^-^^^^  r  '^'^  "^'^ ^ 

Sigher  than  the  air  that  is  con^pressed  in  t.-e  c.ir.Dustion  chan^oer  J>^jJ\ 
accon^plished  by  a  high-pressure  fuel  injection  cev.ce  ^ '  %n  , 
^•unit  fuel  injector."    The  unit  fuel   iniector  combines  m  a  single  .^xt  all  o 
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the  parts  necessary  to  inject,  atomize,  pressurize,  and  meter  fuel  into  the 
combustion  chamber.    This  provides  a  complete  and  independent  injection  for -each 
cylinder.  •  , 

The  fuel  necessarv  for  engine  operation  is  used  and  the  excess  is  returned' 
to  the  supply  tank  through  an  outlet  manifold  and  return  lines.    Figure  6  shows 
the  CMC  fuel  system,  including  the  check  valve  used  in  the  fuel  Inlet  line 
ahead  of  the  transfer  pump.    This  check  valve  is  necessary  when  fuel  tanks  are 
located  lower  than  the  engine.    The  purpose  of  this  check  valve  is  to  prevent 
fuel  from  draining  backj^o  the  tank  when  the  engine  is  snut  down. 

The  GMC  Diesel  Engine  Starting  System 

The  GMC  diesel  engine  usually  ujses  either  a  12-  or  24-volt  starting  system. 
It  is  very  important  to  remember  that  high  voltage  is  used.     Shorts  or  grounds 
niight  cause  damage 'to  tools  or  equipment,  fires,  and  injury  to  personnel.  To 
prevent  dangerous  arcs,  any  removed  wire  or  exposed  cable  ends  should  be  taped. 

Two  of  the  common  types  of  electrical  systems  in  use  today  are  the  insulated 
and  grounded  systems.     The  starting  system  used  on  the  GM  diesel  engine  generator 
Silt  is  the  insulated  type.    Neither  battery  cable  is  grounded.     Both  cable 
tenainals  located  on  the  starting  motor  are  insulated.     The  manufacturer  of 
tnis  equipment  includes  a  generator,  generator  regulator,  and  the  charging 
circuits  as  part  of  the  charging  system.     These  units  are  necessarv  to  keep  the 
.starting  motor  battery  charged. 

MX  automatic  engaging  and  disengaging  starter  drive  is  mounted  directly 
the  starting  motor  armature  shaft.     It  is  advisable,  when  starting  the  engine, 
not  to  operate  the  starter  more  than  30  seconds  at  a  time.     If  operated  more 
than  30  seconds  at  one  time;  overheating  of  the  starter  ^arts  may  occur.  Several 
minutes  should  elapse  between  cranking  periods  to  permit   the  starting  motor  to 
cool. 


Note:     Keep  all*  connections  clean  and  tignt.     Test  batter."  at  regular 
intervals  to  determine  Its  state  of  cnarge.     Keep  the  oattery  cltian 
and  the  electrolyte  level  maintained  correctlv. 

Tiu;  ;;MC  Diesel  Engine   Lubricating  System 

The  lubricating  oil  circulatorv  system,   figure  7.  includes  an  oil  pump,  oil 
cooler  and  oil  filter,   together  wita  a  suitable  relief  valve  in  the  pump,  a 
bvpass  valve  at  the  oil  cooler  and  a  pressure  regulating  vnlve. 

Tlie  lubricating  system  provides  positive  engine  lubrication.     A  gear-tvpe 
oil  nump  is  used  to  force  the  oil  through  an  oil  strainer  and  an  cii  cooler, 
figure  7.     From  the  oil  cooler  it  goes  to  the  x^in  gallery  in  the  cvlmder 
block.     If  the  strainer  or  cooler  becomes  clogged  a  sp ring- loaded  bypass  valve 
opens 'and  admits  oil  to  the  main  gallerv. 

Note:     The 'strainer  has  been . eliminated  on  most  late  models. 

A  portion  of  the  oil  flows  continuously  from  the  main  oil  gallery-  tnrougn 
m  oil  filter  and  through  a  return  line  to  the  crankcase.     At  the  outlet  of  the 
-■Iter  IS  a  shuLoff  valve.     TlUs  valve  permits   the  -il  to  be  shut  off  so  tnat 
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Figure  7.     Schematic  Diagrara  ct  Typical  Lubricating  Systeni. 

the  filter  can  be  cleaned  while  the  ertgine  vs  running.     Tlie  pressure  relief 
valve,  located  at  the  rear  of  tne  cylinder  ©lock  and  at  the  termnat ion  of 
oil  gallery,  ciairt^ins  a  stabilized  oil  Hpressure  within  the  engine  at  all 
speeds,  regardless  of  oil  temperature.     If  the  oil  pressure  at  the  valve  ex 
45  psi,   the  valve  is  lifted  off  its  seat,  and  oil. from  the  engine  gallery^ i 
bypassed  to  the  engine  crankcase.     Pae  connecting  rod  bearings  receive  oil 
the  main  bearings . through  drilled  passages  in  the  crankshaft.     This  oil  lub 
caces  the  piston  pins  and  sprays  against  the  upper  side  of  the  piston  head 
help  cool  the  engine.     The  blower  drive  gear  bearing  is  lubricated  through 
external  pipe  from  the  rear  horizontal  oil  passage  of  the  cylinder  blocl^. 
The  hydraulic  governor  (if  used)  and  the  blower  bearings  ai^o  receive  tneir 
from  the  engine  lubricating  system. 
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Tae  oil  cooler  aids  in  heating  the  engine  oil  when  the  cooling  svsteir. 
therT?.ostats  are  closed  and  will  aid  in  cooling  the  oil  when  the  coolant  starts 
circulating  through  the  radiator.     In  addition  to  lubricating  the  engine  parts  Id 
prevent  wearing  and  scoring,  the  lubricating  oil  also  reduces  friction  and 
plavs  an  important  p^rt  in  cooling  the  engine. 

'  0    1  • 
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Figure  8.     Typical  Cooling  System  with  Radiator  and  Fan, 

The  Cooling  System  of  the  CMC  Diesel  Engine »  Figure  8 

One  of  two  cooling  systems  may  be  used  in  these  enginp.3.     One  system  has  a 
radiator  and  cooling  fan,  figure  8;   the  other  a  heht  exchanger.     In  both 
svstems  a  centrifugal-type  water  pump  draws  the  water  through  the  air  cooler 
and  discharges  it  into  the  lower'  part  of^the  cylinder  block.     The  water  pump 
is  attached  to  and  driven  from  the  blower. 

TTie  coolant  circulates  around  the  cylinder  bores, 'and  passes  up  through 
openings  into  the  water  jacket  of  the  cylinder  head,  figure  8.     In  the  cylinder 

9 


ERLC 


6 


head  it  circulates  around  the  valves  and  fuel  injectors.    From  the  cylinder 
head  it  Chen  flows  into  the  radiator  or  heat  exchanger.    Here  the  temperature 
of  th^e  cooling  liquid  is  reduced.    The  cooling  liquid  gives  up  its  heat  to  tne 
airstream  from  the  cooling  fan  or  to  the  colder  raw  water  depending  on  whether 
a  radiator  or  a  heat  exchanger  is  used. 

The  water  temperature  in  the  engine  cooling  system  is  automatically  con- 
trolled by  either  a  bellows  or  a  spring-type  thermostat.    These  are  mounted 
in  a  housing  be-tween  the  water  manifold  and  radiator  or  heat  exchanger.  With 
either  tvpe  of  thermostat,  the  opening  to  the  radiator  or  heat  exchanger  is 
closed  during  the  warmup  period.     The  coolant  is  permitted  to  circulate  in  tne 
cvlinder  block,  cylinder  head,  and  bypass  tube  or  passage.     In  radiator  jobs, 
the  coolant  also  circulates  through  the  oil  cooler  before  the  thermostat  starts 
to  open.     After  the  thermostat  starts  opening  and  until  it  is  fully  open, 
coolant  circulation  takes  place  through  the  radiator  or  heat  exchanger  and  t:.e 
bypass  pass^es.    The  bellows-type  thermostat  incorporates  a  valve  which  completely 
blocks  the  opening  to  the  bypass  tube  or  passage  when  the  thermostat  has 
fullv  opened.     This  causes  all  of  the  coolant  to  flow  through  the  radiator  or 
heat"  exchanger.    When  the  spring-type  thermostat  is  fully  open,  some  water  nav 
circulate  through  the  bypass- 
In  units  equipped  with  a  radiator,  a  tube  is  used  to  bypass  the  coolant 
from  the  thermostat  housing  to  the  oil  cooler,  thence  to  the  pump.     In  units 
with  heat  exchangers  the- bypass  passage  is  incorporated  in  the  heat  exchanger 
tank      By  mtans  of  bypass  circulation,  nornial  engine  operating  temperatures 
are  obtained  in  a  minimum  warmup  period.     At  this  time  the  coolarjt  aids  in 
bringing  lubricating  oil  to  normal  operating  temperature. 
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Figure  9.     Air  Intake  System  of  CMC  Diesel  Engine. 
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Intake  Air  System  of  CMC  Dl«s«l  Engine.  Figure  9 

Previous  peregraphs  explained  the  intake  air  system  dnd  flie  ^^avenging 
process  used.    The  air  needed  for  scavenging  and  combustion  is  drawn  through 
the  oil  bath  air  cleaner  by  the  blower.    It  is  very  important  that  this  air 
be  clean.  ,  ^ 

Air  Cleaner 

A  heavy-duty  oil  bath  air  cleaner  ahd  silencer  are  used, on  most  industrial 
models.    The  cleaner  and  silencex^-conslst  of  a  iaetal  wool  element  supported 
inside  the  housing.    Beneath  it  is  the  oil  bath.  -  Air  dfawn  through  the 
cleaner,  by  the  blower,  passes  over  the  oil  bath.    The  oil  bath  collects  the 
najor  portion  of  the  dust.    The  air  then  flows  up  through  the  metal  wool  where 
the  finer  particles  of  dust  are  removed.    After  passing  through  the  metal- wool 
the  air  passes  down  the  central  duct  to  the  blower.    Silencing  features  are 
incorporated  in  the  design  of  the  cleaner. 

Emergency  Engine  Shutdown  Device 

This  device  is  located  between  the  air  inlet  housing  and  th^  blower.  There 
-lay  be  one  of  three  types  used  in  the  Series  71  industrial  engines.     They  are 
operated  as  follows:    manually  through  a  control  wire;  automatically  by  either 
low  oil  pressure  or  high  coolant  temperature;  and,  automatically  by  an  over- 
speed  governor  trip  mechanism. 

On  a  diesel  engine,  if  any  combustible  liquid  is  accidentally  introduced 
into  the  combustion  chamber,  excessive  engine  speed  will  probably  occur, 
resulting  in  damage  to  the  engine.     As  there  is  no  ignition  system  which  can 
be  shut  off,  the  only  manner  in  Which  to  shut  off  the  engine  is  either  by  shutting 
off  the  fuel  or  the  air.     If  combustible  liquid  is  accidentally  introduced 
into  the  combustion  chamber  the  engine  cannot  be  shut  down  by  shutting  off  the 
fuel.     Therefore,  the  emergency  shutdown  device  provides  a  means  of  shutt^^ng  ff 
the  air  intake  supply.     It  consists  of  a  flap  valve  in  the  air  inlet  housing 
at  the  blower.  "* 

Warning:    Never  use  the  emergency  shutdown  to  shut  down  the  engine 
unless  in  case  of  emergency. 

Air  Blower 

The  operation  of  this  blower  is  similar  to  that  of  a  gear-type  oU  puinp. 
Two  hollow  three- lobe  rotors,  figure  9,  are  closely  fitted  in  a  housing  which  is 
bolted  to  the  engine.     The  construction  of  the  rotors  provides  continuous  and 
uniform  displacement  of  air  as  the  rotors  revolve.    The  air  entering  the  blower 
from  the  air  cleaner  is  picked  up  by  the  blower  rotors  and  carried  to  the 
discnarge  side  of  the  blower,  figure  9.     The  continuous  discharge  of  fresh  air 
from  the  blower  creates  an  air  pressure  of  approximately  4  to  12  1/2  pounds  in 
the  air  box  of  the  cylinder  block.    This  pressure  will  vary  with  the^ speed  of 
the  engine. 

Air  Box 

In  normal  operation,  a  slight  amount  of  vapor  fron  the  air  charge  con- 
denses and  settles  on  the  floor  of  the  air  box.     This  condensation  is  drained 
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off  through  cored  passages  in  the  ends  of  the  block  and  openings  in  the  sic 
of  the  engine  block.    These  openings  are  below  the  air  box  floor.    An  accumul^ 
^    tion  of  liquid  on  Che  air  boat  floor  indicates  plugged  vents.    This  liquid 
should  be  wiped  out  with  rags  or  blown  out  with  compressed  air.     If  this  is 
not  accomplished  regularly  it  could  cause  the  engine  to  overspeed  (runaway). 

Operating  the  GMC  Diesel  Engine 

STARTING  THE  ENGINE.     Starting  this  engine  is  as  simple  as  starting  the 
engine  of  an' automobile.     Like  the  gasoline  engine,  certain  routine  checks 
should  be  made  each  time  the  engine  is  started.     These  checks  are  as  follows: 
crankcase  oil  level,  coolant  level,  fuel  level  in  tank,  fuel  supply  valves, 
position  of  controls,  and  operation  of  emergency  shutdown  device..   Mso,  a 
complete  visual  inspection  should  be  made  of  the  engine.     After  the  inspection 
has  been  completed,  open  the  throttle  to  idling  position  and  press  starter 
button  firmly  to  start  engine. 

Caution:  •  Do  net  operate  cranking  motor  niore  than  30  seconds  at  a  time  to 
avoid  overheating  of  motor. 

If  the  engine  has  set  for  several  hours  it  may  be  necessary  to  hold  the 
governor  control  button  in.     Thio  button  is  located  on  the  governor  housing 
(hydraulic  governor).     Hold  the  button  all  the  way  in  until  the  governor  oil 
pressure  builds  up  to  hold  the  governor  in  the  "RUN"  position. 

W/VRM  UP  OF  ENGINE.     Immediately  after  starting,  observe  the  oil  pressure 
cn  gauge.     If  no  pressure  is  shown  after  10  to  15  seconds,  stop  the  engine. 
During  the  warmup  period  run  the  eng\nVi  at  part  throttle  and  no  load  for  four 
or   five  minutes. 

RUNNING  THE  ENGINT .     While  engine  is  running  see  that  oil  pressure  does  not 
fail  below  25  psi  at  operating  speed.     (5  psi  is  satisfactory  at  idle.)  With 
engine  running  at  operating  temperature,  check  the  unit  carefully  for  water, 
fuel,  or  lubricating  oil  leaks.     Under  norrr.al  working  conditions  the  coolant  ^ 
temperature  should  range  between  160^  «nd  185'  F  with  corresponding  oil  teripeta- 
ture  about  40°  above  the  water  outlet  te:r.perature . 

ST<)?PING.     If  possible,  set  throttle  at  about  :ial:   speed  and  alL>w  ep?,ine 
'to  run  without  lead  for  about  2  minutes  berure  snatting  down."    T'r.is  perr.iLs 
valves  and  other  parts  to  cool  so  there  will  be  less  danger  of  .warped  valves 
or  other  damaged  parts.     To  shut  down  the  engine,  it  is  onlv  necessary  to  tur-. 
the  throttle  to  the  "NO  FJEL"  position.      •-'.eneir.ber ,  on  a  diesel  engine   the  T,et:i.:d 
used  to  shut  down  the  engi«ie  is  either  bv  closini;  off  the  fuel  supply  or,  :n 
case  of  emergency,  shutting  off  the  intake  air  by  the  emergency  shutdown  device. 

INSPECTION  .-O^D  SERVICING  OF  TUE  C]-\C  DIESEL  ENGINE 

There  are  many  things  which  may  affect  t:-.e  operation  of  this  engine.  Two 
items  of  foremdst  importance  are  the  presence  c-.i'  sufficiently  high  compression 
pressure  and  the  injection  of  the  proper  amount  of  fuel  at  the  right  time.  Tr,o 
first  ot   ttiese  items  ueuends  alr.ost  entirely  on  pistons,  rings,  and  valves  wir:. 
thej-r  operating  mechanisms.      ii.e  second  item  depends  on  tae  injectors  and  their 
mechanisms.     Inus ,   the  correct  valve  adjujptment.  injector  tin^.ing,  and  governor 
and  rack  setting  are  very  important  for  proper  engine  operation.     However,  tne 
correct  operation  of  other  units  mounted  on  the  engine  is  also  very  important 
for  proper  engine  operation. 
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Air  cl«tn«r*  must  b«  serviced  regularly  to  provide  sufficient  clean  air 
"  for  entrance  into  the  cylinders .    Proper  servicing  of  the  air  cleaner  is  very 
inportanc  to  prevent  overspeeding  of  the  engine.    The  oil  level  must  be  maiti- 
t«in*d  and  not  ovarfllled.    The  eleaeAt  in  the  air  cleaner  mat  be  alZSwed  to 
drain  thoroughly  after  it  has  been  cleaned. 

Xir  Box  Drains 

The  service  and  inspection  of  these  drains  are  of  utmost  importance.  These 
drains  must  be  regularly  inspected^end  cleaned.    If  water  vapor  as  well  as  a 
slight  amount  of  fuel  and  lubricating  oil  fumes,  which  condense  and  settle  on 
the  floor  of  the  air  box,  are  allowed  to  accumulate  it.  may  cause  the  engine 
to  overspeed.    If  liquid  accumulation  is  found  it  should  be  wiped  clean  and 
blown  out  with  compressed  air. 

V,  ■ 

Engine  Ventilation  ' 

Harmful  vapors  which  may  form  within  the  engine  are  removed  from  the 
crankcase,  gear  train  and  valve  compartment  by  e  continuous  automatic  ventila- 
tion system.    A  slight  pressure  is  maintained  within  the  engine  crankcase  by 
seepage  of  a  small  amount  of  alf  from  the  air  box  past  the  piston  rings, 
this  sweeps  up  throu^  the  flywheel  housing  and  balance  weight  cover  into  the 
K^alve  compartment.    From  the  valve  compartment  it  is  expelled  through  a  vent 
pipe  attached  to  the  governor  or  a  vent  attached  to  the  valve  cover. 

Blower 

Always  refer  to  the  applicable  manual  for  the  service  and  inspection  of 
the  blower.    Make  sure  that  all  safety  precautions  are  observed  at  all  times. 

Exhaust  System 

A  thorough  visual  inspection  should  be  made  of  the  exhaust  system  at 
regular  intervals. 

•  Starting  System 

When  inspecting  the  electrical  system,  the  battery  and  its  connections  are 
the  first  thing  to  consider.     Cabl^s^nd  connections  of  the  starting  motor  must 
be  kept  in  good  condition. .  Standard  automotive  test  equipment  may  be  used  for 
testing  the  system. 

SUMMARY  .  j 

During  this  lesson  you  have  had  the  opportunity  to  become  familiar  with 
the  construction,  operation,  and  minor  servicing  of  the  GMC  diesel  engine. 
The  cwo-stroke  cycle  diesel  engine  compares  closely  to  the  four-stroke  cycle 
gasoline  engine.    The  main  differences  being  the  air  intake  system,  method  of 
ignition,  and  method  of  mixing  the  fuel  and  air.    The  following  lesson  will 
pertain  to  the  fuel  system  service  and  tiihe  up  of  the  C^C  diesel  engine. 
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QUESTIONS 

1.  The  GMC  two-stroke  cycle  diesel  engine  requires  no  intake  valves. 
How  is  air  intake  accomplished  in  this  engine? 

2.  Two  exhauiit  valves  peij^ cylinder  are  used  on  this  engine*    What  is  the 
advantage  of  this  arrangement? 

3.  , Since  all  diesel  engines  are  more  or  less  subject  to  Qverspeeding>  what 
safety  precautions  should  be  taken  before  starting  the  GUC  diesel  engine? 

4.  There  are  precautions  to  be  taken  when  shutting  down  diesel  engines 
as  well  as  when  starting.    What  are  they? 

5.  The  GMC  diesel  engine  uses  an  oil  cooler.     What  does  this  unit  do  besides 
aid  in  cooling  the  oil?-^' 

6.  One  of  the  characteristics  of  the  two-stroke  cycle  diesel  engine  is 

to  run  excessively  hot.     What  added  features  contribute  to  cooling  these  engines? 

7.  How  is  the  fuel  ignited  in  the  diesel  engine? 

3.      Why  must  the  fuel  be  atomized  as  it  enters  the  cylinder.^ 

9.      Why  is  a  high-pressure  fuel  injection  device  used  on  each  cylinder 
of  this  engine? 

10  •       When  is  it  necessary  that  a  check,  valve  be  used   in  the  fuel  inlet 
line  ahead  of  the  transfer  pump 


11.  What  are  two  common  types  of  electrical  syster.s? 

12.  The  GMC  diesel  engine  uses  what   is  known  as  a  unit- type  injector. 
What  characteristics  of  the  injector  classifv  ir  .is  this  tvpe  ? 
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OBJECTIVES  ' 

When  you  have  completed  this  worksheet  you  will  be  able  to: 

Identify  units  of  thte  diesel  engine  and  explain  their  purpose. 
Operate  and  service  the  diesel  engine  and  components. 

EQUIPMENT 


Dl«  sel  Engine,  CMC 
Mechanic's  Tool  Set 


Basis  of  Issue 
1/4  students 
1/student 


PROCEDURE 

Using  the  worksheet  as  a  guide  for  step-by-step  procedures  and  liH)ortant 

infonnation,  perform  each  task  as  outlined  and  as  directed  bV  the  tnatructor. 

Exercise  1 

Perfonc  preoperation  inspection,  start  and  stop  the  diesel  engine. 


1. 


PROCEDURE 

Make  a  preoperational  check 
of  the  following: 


a. 


'>olant  level. 


IMPORTANT  INFORMATION 

■  -       _      -  -  ■  ^ 

The  applicable  publication,   

 ^,  should  be  consulted  for 

detailed  information.     In  the 
appropriate  spaces,  list  items  to 
be  checked  and  ar^wer  all  of  the 
following  questions. 

a.      Explain  any  important  informa- 
tion  concerning  the  cooling 
svstem. 


b.  Belts, 


b.      What  is  maximum  permissible 
slack? 


List  items  that  belts  are 
checked  for  : 


c.      CranSccase  oil  level 


V/hen  should  oil  level  be 
checked? 


d,      Diesel  fuel  tank. 


Why  should  tank  be  kept  full 
during  storage  and  between 
periods  of  operation? 
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PROCEDURE 


\ 


Battery 


LMPORTANT  INFORMATION 

e.  What  is  the  battetry  checked 
for  during  the  pretoperation 
check? 


f.      Visual  inspection. 


f.      What  is  primarily  concerned 
with  during  inspection? 


g.      Emergency  shutdown 
control. 


Why  must  this  control  be 
thoroughly  inspected  on  pre- 
operational check? 


2,    Start  ahd  operate  engine, 


2,      All  safety  precautions  should  be 
observed  at  all  times. 


a.      Position  controls 


a.      Explain  position  of  controls 


b.       Start  engine, 


b.      What  is  the  maxinum  time  that 
the  starter  should  be  operated 
at  one  time? 


What  control  is  held  in  at  the 
time  of  starting  for  quicker 
starting? 


c.       Adjust  engine  speed  for 
warmup  period. 


ATiat  engine  RPM  is  desired  during 
th is  period?  f 


Hov  Ions?  should  this  speed  be 
rjiintained  for  waraup  period^ 


Oil  pressure  should  never  be 

below   pounds*  Coolant 

lemperature  should  not  exceed 

  in  cold  weather. 

^vl^at  device  may  be  regulated 
to  Tiaintain  proper  temperature." 


d.      Operate  at  1,2C0  rpm. 

Stop  the  engine. 

Note:     Idle  engine  for  a  few 
minutes  after  the  load 
has  been  removed. 


d. 


3,       i^xplaiii  why  engine  should  be  idled- 
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ExtttdM  2 

Identify  £u*l,  stactlag,  and  lubricmtlon  unlt». 


PROCEDUB£ 
1.    Identify  fuel  lystem  unite. 


IMPORTANT  INFQBMATION 

1.      In  th«  tpactts  provld«d,  ll«t  th« 
units  that  nake  up  the  fuel 
syfltest 


What  type  of  f-uel  transfer  pump  is 
used? 


What  size  of  injector  is  used? 

What  is  the  purpose  of  the  restrictor 
passage  in  the  return  line? 


2.     Identify  units  of  the  starting 
system. 


Jn  the  space  provided,  list  the 
units  that  make  up  the  starting 
system. 


What  voltage  is  used  in  the  starting 
system? 

What  type  starter  pinion  is  used? 


3.     Identify  units  of  the  engine 
lubrication  system. 


In  the  space  provided,  list  the 
units  that  make  up  the  lubrication 
system. 


Explain  the  purpose  of  the  oil 
radiator . 


Exercise -3 

Remove,  clean,  inspect,  replace,  test,  and  time  a  fuel  injector  as 
assigned  by  the  instructor. 

Note:  As  the  injector  is  one  of  the  most  important  and  carefully  con- 
structed parts  of  the  engine,  it  is  recommended  that  a  faulty  injector 
be  replaced  as  a  unit . 

Cautfion:  Kever  attempt  to  repair  an  injector  unless  you  have  a  thorough 
understanding  of  the  injector,  and  the  proper  equipment  and  facilities. 
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PROCEDURE 

Ij     De t ermine  the  necessary 
tools t  equipaent,  and 

facilities. 


IMPORTANT  INFORMATION 

1.      List  special  equipment. 

Note:     Emphasize  cleanliness  at 
all  tiaes • 

What  type  of  cloth  must  be  used 
for  wiping  parts? 


Caution:  Never  touch  any  injector 
parts  with  bare  hands.  Keep  parts 
submerged  in  clean  diesel  fuel. 

How  may  parts  be  affected  if 
touched  with  bare  hands? 


Renove  injector  from  the 
ongine ♦ 

i.       With  valve  rocker  cover 
removed,  position  the 
three  rocker  arm  clevis 
pins  on  the  assigned 
cv  iinuer . 


Refer  to  applicable  publication 
for  procedures . 

a.      Pins  must  be  in  line  at  outev 
end.    When  positioning  engine 
by  hand,  what  direction  should 
it  be  turned? 

Caution:    When  positioning 
the  engine  by  hand,  make  sure 
batter/  is  disconnected  and 
throttle  is  in  t'ne  "OFF" 
posit  ion . 


K-!:^ove   fuel    iunpt^^r  lines, 


U^iat  precautions  must  be 
when  lines  are  removed ? 


kenove   rocker  ami  asseraDi.y 
away  trc:©  ti^e  valves  and 
i  n  ]  ^  <:  t  o  r  . 

Hemove  cne  injector  holdaown 
^'.\id  nut,  special  washer, 
and  injector  clamp. 

Free  inicctor  from  its  seat. 


What  type  of  tool  should  be 
used  ? 


Caution:  Never  pr>'  on  the 
injector  rack . 


ERIC 
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PROCEDURE 

 7  

f.      Lift  the  injector  from 
the  cylinder  head. 


g*      Clean  the  injector. 


IMPORTANT  INFORMATION 

Always  use  two  hands  when 
lifting  out  the  injector/ 
Care  must  be  taken  not  to 
damage  the  spray  tip  of  the 
injector. 

g.       Rinse  injector  in  diesel 
fuel.    What  type  of  cloth 
is  used  to  wipe  clean? 


How  Is  tip  cleaned? 


Make  the  inspection  and  tests  3* 

that  do  not  require  a  test 

fixture. 

a.      Make  a  visual  check.  a.       List  items  to  check. 


Qieck  rack  for  freeness  by 
rotating  the  injector  from 
side  to  side  while  holding 
in  horizontal  posit  ion  - 


b.       The  rack  will  fall  its  full 

travel  by  its  own  weight  when 
the  injector  is  rotated*  If 
the  rack  does  pot  fall  freely, 
the  injector  must  be  


Exercise  4 


Adjust  the  valves  and  time  Injectors. 

Note:     After  installing  the  governor 
governor  ad justments ♦  the  valve  clear 

PROCEDURE 

Determine  the  necessary/  tools,  1. 
equiptn<=*n  t ,  and  publications. 


and  before  the  engine  is  started  for 
ance  must  be  carefully  checked, 

LMPORTANT  I^JFORMATION 

List  special   tools  and  equipment 
required  for  this  job. 


TO  N'o.    is  used. 


List  safety  precautions  to  be 
observed  as  given  by  your 
ins  tructor . 


Prepare  engine  for  valve 
adjustment  * 


3. 


Rocker  arm  cover  is  removed -and 
governor  control  lever  is  positioned 
in  the  **  "  position. 


ERIC 


PROCEDURE 


4.     Position  engine 


5,     Measure  /fhe  valve  clearance. 


IMPORTANT  INFORMATION 


A^ION 


6.     Adjust  the  valve. 


4,  Always  rotate  crankshaft  clock- 
vtse  to  position  the  valve.  What 
may  be  caused  by  u^ng  a  bar  and 
rotating  the  cranksliii^t  counter- 
clockwise? ' 

5,  ,   The  injector  rocker  arm  must  be 

C(^nipletely  depressing  the  injector 
plunger  of  the  particular  cylinder 
before  measuring  the  valve 
clearance^    Always  refer  to  the 
applicable  publication  for  the 
specified  setting  and  correct 
procedures.     Valve  clearance  on 
  engine  is   ^  . 

6,  VvTiat  tools  are  required? 


Check  engine  that  you  are 
performing  the  job  oh  and 
select  the  proper  thickness 
of  gauge. 

Place  feeler  gauge  between 
the  end  of  the  valve  stem 
and  the  rocker  arm. 


What  gauge  is  used? 


Adjust  push  rod 


A  STT.ooth  ''pull"  of  the  feeler 
^auge  should  be  obtained. 


Remove  feeler  gauge  and 
tighten  locknut. 


>^ke  sure  push  rod  is  held 
f  ror*  turning  while  tightening 
t: -e   locknut , 


Recheck  clt^arance  f  re- 
adjust  if  necessjiry). 


^o  teeier  ^3u^e  shoula  pass 
t  h  r  o  u  g  f  1  and  the  * '  n  o  -  c;  c '  *  5  h  o  u  I 
no  t  p. -if.  .s  tr; rough  . 


Adjust   the  reniaining  exhaust 
valves,  using  the  sair*e  pro- 
cedure as  given  above* 


■-i-     r.i:ne   Che  injectcr^ 


P.etctv  to  applicable  technical  pub- 
lication for  timing  procedures, 
iind  answer  the  fallowing  qufe^tions 
Wh.en  timing  the  fuel  injectors  , 
the  a;overnor  control  lever  is  in 
what  position  ? 


Select  Che  proper  tool   used  tc 
tirie  the  injector  on  the  particular 
engine  assigned  to  you  by  your 
instructor . 


PROCEDURE 


Exercise  5 


Adjusc  the  hydraulic  governor. 


DffORTAMT 


TION  ' 


Injector  designation: 

Gauge  tool  number:   ^  « 

Mmeiisions? 

What  is  the  specified  adjustment? 


Why  is  it  so  important  that  the 
correct  timing  gauge  tool  be  used? 


a  c  G 


□  u 


9.  ADJUSTING  5C«CW  -  «ACK  COnTctOl  ^EwE**  - 

6  LEVCM  -  iNjCCTOi  ^AC«  CONTAQl 

7  Ltvr»»  -  INJECTOR  CON'«Ci_  T^at 

9  GOvdMOU  CASE 


?RO(^EDURE 


Determine  necessary  tools, 
equipment ,  and  publications . 

Lis t  safety  precautions . 

Make  the  fuel  rod  adjustment, 
figure  10. 


Figure  10.     Adjusting  Fuel  Rod. 

IMPORTANT  INFORMATION 

1. 


a . 


Remove  the  governor  cover 
and  replace  two ^crews 
through  the  subcap  into 
the  governor  housing* 


2. 
3- 


Late  model  governors  have 
two  additional  Allen  head- 
screws  holding  the  subcap 
in  position. 
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PROCEDURE 

Place  throttle  tn  "STQP*' 
position . 

Note:    Rocker  ann  cover  should 
be  off  at  this  time. 

c.      Loosen  adjusting  screws 
in  all  injector  rack 
control  levers. 

d*       Loosen  the  fuel  rod  lock- 
nut  and  remove  the  shutdown 
knob . 

e*       Turn  locknut  to  such  a 

position  that  3/16"  of  the 
fuel  rod  extends  beyond  the 
nut,  figure  10* 


IMPORTANT  INFORMATION 
b. 

c.      How  many  turns  should  these 

be   loosened ? 
*< 

d. 

e* 


rigure  11*     Setting  l-l^ixinuiT:  Ad;  vis  tine 

Screw ,  .Load  Lini  t . 

Position  injector  rack  on  -  • 

No.   1  cylinder. 

* '  ' ) 

a,  .  Set  the  niaximurn  fuel  ad-  ■ 

justing  screw  flush  with, 
facta  of  boss,   figure  11. 

b.  Set  inner  rack  control  b.       Explain  correct  adjustir^ent 
adjus ting  screw . 

90 


PROCEDORE 

Note:    Refer  co  figure  11  for 
loceclng  some  of  the  adjusting 
points. 

c.      Tighten  the  outer  rack  \ 
control  adjusting  screw. 

5.    Make  maxloum  fuel  adjustment. 


ZMPORTAMT  INFORMATION 


5. 


5/r 


a*      Adjust  the  fuel  adjusting 
screw »  figure  11. 


a*   apace  exists 

between  the  terminal  lever 
and  the  collar.  What 
position  is  the  fuel  rod 
held  in? 


What  is  the  purpose  of 
turning  the  fuel  screw  in  to 
cbntact  the  terminal  lever? 


Tighten  the  locknut, 


6.     pQsir.ion  the  remaining  injector 
racks. 

a*       Disconnect  the  fuel  rod 
from  control  tube  lever. 

b.       Position  the  control  tube 

lever  to  hold  No.  1  injector 
rack  all  the  way  in. 


Adjust  the  remaining  in- 
jector racks  in  turn. 


c .       Explain  procedure 


d.       Tighten  outer  screw  and 
lock  the  inner  screw. 


After  positioning  each  rack 
lever,  check  to  see  that  No.  1 
rack  has  not  been  moved  out. 
What  does  it  indicate  if  the 
No*   1  rack  has  moved  out? 


e •       Make  f  inal  check  on  the 
rack  adjustment* 
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Each  rack  should  be  felt  with 
fingertips  for  any  difference 
in  rotating  motion.  Readjust 
racks  if  any  difference  is 
felt. 
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PROCEDURE 


IMPORTANT  INFORMATION 


f.      Release  control  tube  lever. 


f.      la  what  position  will  the- 
control  tube  spring  return 

the  racks? 


8< 


Check  the  distance  between 
the  body  of  the  injector  and 
the  edge  of  the  rack  coupling, 


Vhat  should  the  distance  be? 

If  "NO-FUEL"  position  cannot 
be  reached,  how  will  the  con- 
trol of  the  engine  be  affiacted? 


4/ 

•  1 1 


1      TEAMtr^AL  UEVE>*. 

3     SCRFVV  -  0AOO«»  ADigSTiNG 


4  WA$HCR  -  0«00^  ADJUSTING  SC^E^ 
5,     BF^ACKCT  -  OHOCP  AOJ'JSTIHO 


Figure  IZ.     Speed  Droop  Adjus  t  ini?  . 
7.     Make  r.he  speed  droop  .idjuscment, 


r igure 


1 


\  LOCitMirr  -  MAXIMUM  rucL  aojustihg  sc^cw 

2  SCREW  ■  MAXIMUM  ruCL  ADJUSTtHG  ILIJAD  HM»T) 

4  SCREW  -  MAX'MJM  SPEED  UlMiT  ACJL*£Tt«0 

5  LOCKOUT  -  MAXIMUM  SPCEO  LIMIT  AD^USTl^ta  SC«C'^ 


Fii^^ire  IJ.     Setting  MaxLu^um  Speed 
Adjusting  Screw. 

Ai;.!:.  is  r^e^mt  bv  speed  droop? 

N::-te;     "-overnor  droop  is  adjusted 
at   cne  factory  and  further  adjusr- 
":ent  should  not  be  necessary* 
Howevei",   if   the  governor  has  had 
r:3]or  repairs,  it  should  be  ad- 
justed after  governor  is  installed. 
Kefer  to  the  applicable  publicati^5n 
for  correct  procedures  and  in  tne 
s;:a.:e  provided,  explain. 


ERLC 


3 .     Make   the  n\a>4ji;uir. 
ment,  figure  13. 


ed  adjvist- 
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Tnis  adjustment  limits  the  travel 
of   the  governor  speed  adjusting 


PBDCEDURE 


IMPORTANT  INFORMATION 


shaft,    ^toving  the  screw  "in"  will 
decrease  , 'and  "out"  will  increase 
the  maxinum  engine  speed.  R«f«r 
to  applicable  publication  for  cor- 
rect procedures  and  in  the  space 
provided,  write  a  brief  explanation. 


Exercise  6 


Insp^t  and  service  the  starting  system,  exhaust  system,  and  air  cleaner. 


PROCEDURE 

1.     Inspect  and.  service  the 
starting  system. 

a.      Clean  ti\e  battery. 


^MPORTA^iT  INFORMATION 
1,      Remarks:  ? 


The  terminal  posts,  battery 
top,  and  holddown  cover  i^rust 
be  kept  clean  of  corrosive 
formations .     Explain  the 
effect  of  corrosion  on  the 
starting  system* 


Wash  the  battery  with  a 
strong  solution  of  baking 
soda  and  water* 


Test  the  specific  gravitv 
of  assigned  battery* 


c .      Prepare  the  terminals 
and  corrosion  affected 
areas  for  ^Installation 
of  cable  clamps  and 
battery  cover. 


Caution:     Do  not  allow  solution  to  get 
into  the  cells.     It  will  react  with 
the  acid  and  weaken  the  battery, 

b.       List  the  safety  precautions 
to  be  observed  while  testing 
the  specific  gravity  of  the 
battery  • 

Specific  gravity  reading  of 
from  to   


indicates  that  the  battery  is 
fully  charged. 

After  corrosion  is  removed, 
the  terminals  and  other 
affected  areas  should  receive 
a 
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I>IPORTA:rr  INFORMATION 


d.     . Inspect  the  battery  cable. 


d •      Remarks : 


2,     Inspect  the  exhaust  system. 


The  exhaust  system  consists  of  the 
exhaust  manifold,  exhaust  pipe,  and 
muffler  or  spark  arrestor,  If  used. 

Remarks : 


a.       Inspect  the  exhaust  mani- 
fold for  leaks  • 


Explain  how  a  defective  ex- 
haust manifold  vlll  affect 
engine  operation. 


b.       Inspect  for  cracked  or 
varped  manifold. 


'xp lain  the  procedure 


c.       Check  thd  manifold 

h  ;lts   for  tightness. 


Explain  the  proper  procedure 
for  tightening  the  bolts. 


d.       Inspect  the  exhaust  pipe 
and  muffler ♦   if  used. 


d.       T!ie  exhaust  system  should 
have  the  least  amount  of 
restrictions  possible .  If 
the  system  has  restrictions, 
it  will  cause  backpressure . 
Bat^lfpressure  will  cut  the 
engine  perfor^ianco  . 


Inspect  and  ser\^:ce  v.::l-  air 
cleaner , 
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General  V«hlclt  Branch       '  3ABR47330-SG-702A 
Chanuce  AFB»  Illinois 

COMPRESSION  IGNITION  ENGINE  FAhffLIARIZATION , 
OPERATION,  AND  SERVICING  (FUEL  SYSTEM  AND  TUNEUP) 

OBJECTIVES 

'  After  completing  this  unit  of  instruction^  you  will  be  able  to  explain 
the  purpose^  function  and  construction  and  identify  the  various  units  which 
aiake  up  the  fuel  syeter  and  the  governor,  inspect,  test  and  troubleshoot  the 
diesel  engine. 

LNTRODUCTION 

Included  in  the  fuel  system  are  injectors,  fuei  pump,  fuel  filter  and 
fuel  manifolds.     In  the  previous  lesson  you  had  the  opportunity  to  become 
familiar  with  the  purpose  and  location  of  these  units.    The  following  informa- 
tion will  further  explain  the  fuel  system  components  and  the  service  and  tuneup 
requirement  for  satisfactory  engine  operation* 


tKFORMATION 

FUEL  SYSTEM  COMPONENTS 

The  following  units  make  up  the  fuel  system.     These  units  and  their  working 
principles  will  be  covered  in  the  following  paragraphs* 

Fuel  Pumps 

On  older  model  engines,  a  vane-type  pump  is  mounted  on  the  r*>ar  of  the 
blower  housing.    The  pump  is  driven  from  the  lower  blower  rotor  shaft.    On  later 
model  engines,  a  gear- type  pump  is  used. 

VANE-TYPE  PUMP.     This  pump  has  two  spring-loaded  vanes  carried  in  the 
rotor.     These  vanes  and  rotor  revolve  inside  the  eccentric  housing  and  positively 
displace  fuel  from  the  inlet  port  to  the  outlet  port.    Two  seals  are  utilized 
within  the  pump.     One  retains  the  fuel  under  pressure,  the  other  prevents  the 
lubrication  oil  in  the  blower  timing  gear  compartment  from  creeping  along  th i 
pump  shaft.     A  spring-loaded  relief  valve  is  located  in  the  cover  of  the  pump. 
This  valve  relieves  excessive  pump  pr'^'^surc  should  any  of  the  fuel,  lines  or 
filters  become  clogged.     If  pressure  exceeds  the  spring  setting,  the  valve  opens 
and  allows  fuel  flow  from  the  discharge  side  to  the  inlet  side  of  the  pump. 

GEAR-TYPE  PUMP.     This  pump,  figure  14,  is  also  a  positive  displacement 
pump»     It  also  incorporates  a  spring- loaded  relief  valve.     TlUs  valve  will  open 
at  a  pressure  of  approximately  42  to  52  psi  and  returns  fuel  back  to  the  supply 
source.     Two  oil  sedls  are  pressed  into  the  bore  in  the  flanged  side  of  the 
pump  body.     The  feather  edge  of  the  seals  face  away  from  each  other.     Two  tapped 
holes  in  the  underside  of  the  pump  body,  between  the  seals,  are  for  draining, off 
any  leakage .  ^ 

Note:     If  leakage  exceeds  one  drop  per  minute,  the  seals  must  be 
replaced. 


3. 
4. 


Fork,  Fuel  Pump  Coupling. 
Seal,  f^uel  Pump  Oil. 
Gasket,   Fuel  Pump  to  Blo^ver 
Tube,   Fuel  Pump  Dram. 
Shatt.   Fuel  Pump  Drive. 


Shatt,  F\  el  Pump  Driven. 
Gt-ar,  Fuel  Pump  Drive 
Steel  BalL 

Fuel  Pump  Reliel  Valve  Assv 
Caress  5ertion  of  Pump. 


?L:T  ROTAriON,      iuel   pur^ps  are  fiirnis::o 
.interc"nangt--ab  le  . 


,  i  r  •  *      *   m  e  c  1  .1  n  d   are   :  i  t 


Priniarv  I'uu 


Thi::;  filter,  located  betvf-en  the  supply  tank  and  the   fuel  punp ,  r^iv  be 
referred^to  as  a'strainer.     Suction  from  c!ie  pump  and  gravitv  flew  of  fuel,  fr 
the  tank  causes  the   fut^l  to  flow  through  tne  filter  ele-ient  where  tne  dirt 
particles  are  renioved.     V^.e.  elements  -lav  be  screen,  dis,^,  canned  wa^ste,  varr., 

^    --1^1^      -n.  .  servicing  ot 


or  paper  type*     ...^      -  ^ 

r  * ^  -     J  .--r^r?-   T-Y-rti^i''         ^nt>ri'^'^j2     '^f^di^  i'^n^  .  *   When  in<;raJLine  riiter 
cne  tiiteri>  depena^*   Largei/  ^n  ^pura. —      — .       ^  .     "  v     u  - 


Pae  screen  and  disk  elements  ire  reusabl 


^.^atter  servicing  a 


avs  fill  the  bowl  with  fuel  ht- fore  >ecurins;  the  ^rw 


\o  the  cover.  ^No  gaskets  ^hijuld  bt.  used.  Af^cr  inKtallini:  the  fiU^^r.  run  t-. 
engine  for  a  few  minutes  and  check  the  filter  f^>r  le.iK.^- 

Seconjarv  Fuel  Fiit^'r 

This  filter  is  rnounted  on  the  side  of  tiie  engine  and        convenient  to 
service.     The  length  of  tine  that  tni.-.  filter  mav  be  used  befc^re  replacinR  tr.e 


ERiC 


28 


X 


eloMnt  ihouXd       gov€m€d  largtly  by  optrating  condltlotw  and  cleanllnMt  of  — 

fuel.    L<M  fuel  pressure  uy  be  the  result  of  m  pertlally  clogged  filter.  This 
condition  will  usually  cause  erratic  firing  or  missing  cylinders.    The  filter 
element  may  be  the  saise  type  used  in  the  primary  filter. 

Fuel  Manifolds 

The  outlet  manifold,  to  which  the  fuel  flows  from  the  injector,  has  a 

restrictor  at  the  discharge  end*    The  restrlctor  Is  placed  at  this  point  so  that 

the  fuel  pump  can  maintain  constant  pressure  on  the  entire  fuel  system  to  this 
point.    This  assures  ample  fuel  at  the  injectors  and  prevents  air  entering  the 

system.    The  fuel  manifolds  are  positioned  and  locked  with  capered  seat 
connectors.    Care  must  be  taken  when  connector  Is  removed.    The  seats  must  be 
clean  and  properly  positioned  in  the  manifold  fittings. 

Filtering  El<;inents  in  the  Injectors 

Beneath  each  fuel  line  connector  in  the  injector  body  are  small  filtering 
eJementSt  figure  13*     The  elements  are  made  of  a  porous  material  and  as  they  are 
vt?ry  hard  to  clean,  they  should  be  replaced  with  new  ones  if  they  becoiie  ex- 
cessively dirty.     If  old  elements  are  being  reused  they  should  be  reinstalled 
in  Che  same  openings  from  which  they  were  removed  because  fuel  passes  through 
t!;e  elements  used  on  the  inlet  connections  in  the  reverse  direction  from  those 
{i$ed  on  the  outlet  connections*     Small  particles  of  dirt  chat  may  have  lodged  on 
tiix^  inner  surface  of  the  outlet  filter  may  be  washed  into  the  injector  if  it  is 
iisec  on  the  inlet  side* 

:  :u  t-  r>T^  Injector 

;\s  previously  explained,  the  fuel  pressure  must  be  higher  than  that  of  the 
air  charge  in  the  combustion  chamber  so  that  fuel  can  be"  injected  into  the  com- 
btistion  chamber  at  the  specified  time.     Besides  injecting  fuel  into  the  combustion 
chamber  at  the  specified  t  ime »  some  neans  must  be  provided  so  that  only  a  cer- 
tiain  jmount  of  fuel  is  injected  at  this  time.     This  fuel  also  must  be  atomized 
f^^r  proper  burning  when  it  is  injected  into  the  combustion  chamber.     The  unit 
ruei  injector  combines  in  a  single  unit  ail  the  parts  necessary  to  perform  the 
ihove  functions.     Tims,   the  fuel  injector  injects  the  fuel  at  the  correct  time, 
**.'t:ers  tiie   tuel»  creates  a  high  fuel  pressure  >  and  atomizes  the  fuel.  This 
provides  a  complete  and  Independent  injection  system  for  each  engine  cvlinder. 
I'i.c  cross  section  of  the  injector,  fii^ure  15.   shows  Vie  various  parts. 

In  ecror  Mount  ing 

Tile  injectors  are  mounted  in  me  cylinder  head,  with  their  sprav  tips 
•r^^it^crmg  below  the  top  of  the  inside  surface  of  the  combustion  chambers, 
rlair.p,  bolted  to  the  cylinder  head  and  fitting  into  a  machined  recess  in  each 
Side  ')!   the  injector  body,  holds   the  injector  in  place  in  a  water-cooled  copper 
ti;:)e  whicn  passes   tl^rough  the  cvlinder  head. 

;\  tight  seal   is  forced  bt^tween  the   tapered  seat         the  lower  end  the 
in'ertor  and  the  copper  tube.     This  will  withstand  the  high  pressures  inside 
t::ie  ^:onbustion  chamber.     A  dowel  pm  registers  with  a  hole  in  the  cvlinder  head 
for  accurately  locating  the  injector  assembly • 
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;  :    R»  r^i—  Ntrtf r^nit 


.'■  i     f  Jp-  f  :licr 


t  i4«krt     h   ;trr  3ji 

\    l\nd\  *  In  ir<  tar 
\    Nut    1  fi  irt  for 
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Figure  Ij.     Cross  Section  r^'  a  OIC  Ir.  j.-or-r. 
Injector  I'peration 

The  fuel  oil  is  supplied  to  the  injector  at  a  prt;h,<ur-  -r  approxlmatGlv 
psi.      Tut   luc-i  the  aimular   supply   .■;.a:-uT  •:H-twr..T.  -n- : : ;        hu:  'Ju.' 

dpill  deflector,   figure   1  :> ,   iten  :8.     T:w  iniL-ctor  piunt;er.  .--perated  by  a  i"  ;C.<er 
artn  wtiicn  is  actuated  by  the  camshaft,  operates  up.  and  down  i.n  thi«  bushing.^ 
bore  of  this  bushing        connected  tu  the  fuel   -upply  in  tiie  annular  rnar,t--.r 
two  funnel-shaped  ports,  tiKure  I';.     In  audit  ha;  :o  the  rer  i  procat        T.cti  n, 
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Figure  16.     Fuel  Metering  from  FULL  LOAD  to  NO  LOAD  Prod vJced 
by  Rotating  Plunger  With  Control  Rack. 


Figure  17.     Phases  of  Injector  Operations  by 
Vertical  Travel  of  Plunger. 
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uunger  can  be  rotated  in  operation  around  its  axis*     Tnis  is  accomplished 
oy  the  gear,  figura  15,  which  is  in  njesh  with  the  rack,     r^^ji  upper  and  lower 
helix  are  niachined  into  the  lower  end  of  the  plunger.     These  helixes^  figures 
1^  -and  17,  are  for  metering  purposes*     Tno  relation  of  these  helixes  to  the  v^'o 
ports,  changes  with  relation  of  the  plunger.     Changing  the  position  of  the 
helixes  by  rotation  of  the  plunger,  retards  or  advances  the  closing  of  the  port^ 
whicii  is  the  sane  as  changing  the  beginning  and  ending  of  Injection  or  the 
ciffoctive  stroke.     The  longer  the  effective  stroke,  the  nore  fuel  injected* 

:*r-L...       Reference  should  be  made  to  figures  16  and  17  for  positions  or 
rr.f  plunger  during  fuel  metering  and  injector  operation. 

:'L:':;GH:r  o::  DOWN'WARD  trowel.     as  the  plunger  moves  downward,  the  fuel  in 
t.::e  rigri-p ressure  cylinder  or  bushing  is  first  displaced  through  the  ports  Dack 
to  tne  i^upply  chaihber  until  the  lower  edge  of  the  plunger  closes  the  lower  port* 
Vlien  this  takes  place,  the  remaining  fuel  is  then  forced  upward  througn  the 
central  passage  of  the  plunger  into  the  recess  between  the  two  helixes*  From 
:",is  roir,t  rhe   fuel  can  flow  back  into  the  supply  chamber  until  the  upper  iielix 
.:.loseh;   ^lim:   upper  port.     The  metered  amount  of  fuel  is  then  forced  through  the  va 
assumbiv,  checK  valve,  and  against  the  spray   tip  valve,  figure  15.     ^lien  suf- 
ricienL  tuei  pressure  is  built  up,   the  spray   tip  valve  is   lifted  off  its  se.ii 
.k;^^  fuel  is   forced  through  snail  orifices  in  the  spray  tip  and  atcnized  in 

i.^^  :     r:;t^   .iieck  valve  prevents  air  le^ikage  f  ror:  trie   coniDustion  chart  er 
^   :::ie   fuel  svster,  in  case  the  spray  tip  valve  is  acri  dentallv  ';eid  or.er. 
: a  sniall  particle  of  dirt*     Tnis  allows  the   inj<rctor  to  continue   tc  ouera 
t::e  p.zrticle  works   througii  the  valve. 

;:?\>;AR0  stroke.     On  tne  return  upward  moverr^ent  of  the  plureer, 
M^!;-pre:5Sure  cv  Under  is  Jgain  filled  with   fuel  through  the  port.".  The 
.  .^:^sra"t   ::ircuiation  of   fresh,  cor-l   fuel  through  the  injectors  renews  the 

:v   ii:   ihe  chamber  and  helps  maintain  even  operating  ter^pe  ratur :f  r:>; 
i:; -..>::  t.  :;r.-^  .      Tiiis   flow  ^.^i    fuel    ilso  effectivt^y   removes  all   traces   o!    i.r.  7V»- 
^:  ■  :::t    ^i::nenvise  ac cuinuiatr    in   tne   svstem  .;ind   li^terfere  witn   tr^c  ac^'irat^ 
term.:.    :i    :  ae  i. .     Ine   mjectc^r   outlet  ^■■nenin^;  wni^'h   retara:^    tne  p/ti-:^:^  "  a^^ . 
.....    ;         --.V   -:u.'   fuel   nuir^n  .    is  direcrl^  ad^^.-^nf    t-^   the    inl-t  .■^nen:nr. 


in-o;tL-rs  \;sed   in  tnese  engines  carrv  an  asserr^hiy  nun-ber  ana    i  ^er:a; 
;::;-ber    "^n  -^id*^  of  tn^^   injector  bodv .  identification  olate   is  car*-iet1  an  ta^. 

ther  side,     T:;e   injector  plunger  is  narked  witn   tne   letter     A     or  a  r;,r"r)er 
:^    :dt-ntl:^'   ito   tyre.     The  plunger  and  Dushing  are  both  marked  with  a  corre-- 
■ondin^  serial  nunb^jr  sa   that   thev  niav  be  easilv   identifieci  as  Tiatin^:  par:.., 
injectors,   plangt^rs,  anu  busnings  :nui^  t  aavc   t:\eae   icentit  loation  -arKin/--  t 
:a.-.urir  ar^jper  rr^etoring  ot  fuel. 

The  various   injectors  are  'designated  by  the  average  nuniber  af  cubic         — " 
r.eters         fuel  delivered  per  stroke  with  the  injector  operating  at  a  speea  ..r 

.■■•tr^    f.Uw.;      ....  C  r      ..♦^I.U^^.  ,.v^.^  C    i.J,.v^.i.    •  .         .       .  -  i 

r  U    •"".rT;  ,     iiliG    o^.y    CU    ^jTi  * 

'7\\kire  is  .3  variatior^.  in  the  cons  cru;:  t  ior.  .:r   i:\e  inieLtors,  fi^virts 
r,r.U  19 .     Ti.e  .aUer-tvpe  injectors  are  identitaed  by  the  number  "0"  t  ^  1  low ;  r.^.  a 

f-M,^    :nS^:'r..r^   .ir-:-   ident:fie<i  rh»/    letters   "HV"  i^receain^ 


spacer. 
Check  Valve. 
Valve  Seat. 
Spray  Tip  Valve 
Valve  Spring. 
Valve  Stop. 
Spray  Tip, 


1.  Seat,  Injector  Valve. 

2.  Valve,  Injector, 

3.  Spring,  injector  Valve 

4.  Stop,  Injector  Valve. 

5.  Cage,  Injector  Valve, 

6.  Valve,  Injector  Check. 

7.  Tip,  injector  Spray. 


Figure  18.  Injector  No.  60 
Spray  Tip  and  Valve  Assembly 


Figure  19.     Injector  No.  HV  6-Spray 
Tip  and  Valve  Assembly* 


Tub#— Injector  Control 
L«T«r**In4  actor  Control 
Tube 

Rod— Fuel  (t^^  governor) 


Figure  20.     Governor  to  Injector  Linkage. 

Injt^ctor  Controls,  Figure  20 

Each  injector  control  rack  is  connected  by  an  easily  detachable  joint  to  a 
lever  on  a  common  control  shaft.     This  shaft  is  linked  to  the  governor  and 
throttle*     The  levers  can  be  rotated  independently  on  the  control  tube  by  the 
adjustment  of  two  screws,   figure  20.     This  arrangement  permits  a  uniform  setting 
of  all  inj€:ctor  racks. 
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21,  Scf«w>Cop  Adivttii^Q. 


30.  i««rm9'-Op#rttttn4  SKtftt  (U»»#r) 

41.  SftTfA^— High  Spui. 

60.  iMnng— Gov*fnor  fttt«f  Thrvi' 

«J  Covvr-Wvtghi  Mov*  '>g 

M  Shot*  Aiiy.-V/vifht 

47  ftit*r-Goi^*rAor 


70   ^nng.WvigKi  Sh«fl  Ind 

75  Cort.«r-Wt,gKf 

76  W«ff ht  i#ari«»f  A*iy. 


Figure  21.     Limiting  Speed  Mechani'-il   ■;ov^>rnor  - 


■  6- '  ^ 


GMC  Dicisel  Engine  Governor 
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Tae  speed  of  the  diesel  engine  is  ccntrolied  by  the  amount  of  fuel  in- 
jected; consequently,   the  injection  system  is  designed  to  supply  the  'naxirnv;::^ 
amount  of  fuel  which  vill  enable  the  engine  to  operate  at  full  load  and  reach 
a 'prede termined  maximum  speed.     However,   if  the  maxinum  fuel  charge  was  supplied 
to  the  cylinders  with  the  engine  running  under  "Partial  Load"  or  "Nc  Load"  the 
engine  speed  would  increase  beyond  the  critical  range  and  soon  cause  failure. 
Thus  it  can  he  seen  that  a  governor  must  be  installed  t-'-  control   the  amuunt  ^..f 
fuel  injected  in  t:rder  to  control  the  engine  sp^^ed,     V.\e  ^7AC  diei^el  engine  -lav 
be  equipped  with  .either  a  mechatiical  governor  or  a  hvcrauli  :  g-^vernor.     The  tv>*/ 
of  governor  used  will  depend  on  the  installation  of  th.e  engine,     "Hier*"    ire  v^'^- 
types  of  mechanical  governors  used  on  the  industrial  engines.     T!;ey  are  tne 
limiting  speed  and  the  variable  speed. 
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LIMITING  SPEED  MECHANICAL  GOVERNOR,  FIGURE  21.    Applications  requiring  a  ^ 
minimum  and  maxiaum  speed  control  where  low  droop  is  not  a  factor  are  equipped 
with  this  type  qf  govemsr.    The  limiting  speed  governor  performs  two  functions. 
It  controls  the  engine  idling  speed  and  limits  the  maximunr  operating  speed  of 
the  engine. 

1.  The  governor  is  mounted  to  the  front  end  of , the  blower  and  is  driven 

by  the  blower  upper  rotor  shaft.     It  consists  of  three  subassemblies:    the  weights, 
shaft  and  bearing  housing  assembly;  the  vertical  shaft  control  mechanism  housing 
assembly;  and  the  cover  assembly. 

2.  The  weight,  shaft  and  bearing  housing  assembly  consists  of  two  weights 
which  are  pivoted  on  needle  bearings  and  carried  on  a  horizontal  shaft  inside 
Che  weight  housing. 

3.  The  weight  carrier  shaft  is  mounted  on  a  ball  bearing  at  the  outer 
end  and  is  supported  and  driven  by  the  blower  rotor  shaft  at  the  inner  end. 

A  riser  and  thrust  bearing  on  this  shaft  transmits  the  motion  of  the  revolving 
weights  to  the  vertical  operating  shaft. 

4.  Governor  control  is  brought  about  through  the  vertical  operating  shaft 
and  a  system  of  springs  and  levers  in  the  upper  end  of  the  governor  housing. 

Vae.  vertical  shaft  is  mounted  on  a  ball  bearing  at  the  upper  end  and  a  needle 
bearing  at  the  lower  end.     Motion  of  the  shaft  is  transferred  to  an  operating 
lever  at  the  upper  end  of  shaft.     One  end  of  the  operating  lever  is  attached 
to  a  link  leading  to  the  injector  rack  control  shaft  and  the  other  end  is  pro- 
vided with  a  slot  for  the  pin  of  the  eccentric  lever  of  the  governor  throttle 
saafc.     High  and  low-speed  springs  with  suitable  adju.s  cments  and  retainers 
restrain  tnovement  or  the  governor  weights  through  an  adjustable  screw  carried 
in  jne  leg  of  the  operating  lever. 

VARI.\BLE  SPEED  MECHANICAL  GOVERNOR.     Applications  requiring  uniform  engine 
speed,  which  may  be  varied  by  the  operator,  are  equipped  with  this  type  of 
governor.     This  governor  is  designed  to  control  the  engine  at  a  constant  speed 
.iL  any  point,  within  the  limitations  of  the  governor  spring,   that  the  operator 
:nay  desire,     Sijch  con'roi  is  made  possible  by  adjusting  the  idling  screw  for  the 
Ivjw  engine  speed  and  imposing  more  or  less  tension  on  the  spring  by  means  of  the 
variable  speed  control  lever  for  higher  speeds.     The  greater  the  tension  on  the 
:,pring  the  higher  the  engine  speed.     Tlie  construction  of  this  governor  is  verv 

lar  to  the  limiting  speed  governor.     Unlike   the  linuting  speed  type,  now- 
•iver.  only  <ine  spring  is  necessary. 

iri;:-R.\LLIC  uOVER:,-OR  used  on  GMC  DIESEL  EN'GINE.     rms   governor   is   trie  r,vdravi,ili 
typ^*  with  speed  droop  stabilization.     It  is  used  on  minimum  of  governor  droop. 
T-ie  nydraulic  feature  is  brought  about  by  oil  from  the  engine  lubrication 
i,vstem  being  admitted,  under  pressure,   to  an  auxiliary  oil  pump  in  the  governor 
Ti.e  auxiliary  pump  furnishes  the  necessary  oil  pressure  to  actuate  the  governor 
r.eciianism.     Figure  22  shows  the  working  principle  of  the  hydraulic  governor. 

:i:e  governor  control   is  connected  to  the  fuel  injectors  by  linkages  and 
levers.     Tne  fuel  is  decreased  by  action  of  a  fuel  rod  spring.     It  is  incre-ist=d 
bv  the  opposing  action  of  the  hydraulic  ser/o  cylinder  to  which  the  admission 

Gil  Is  controlled  by  a  pilot  valve.     Tl-.e  pilot  valve  i.-.  controlled  bv  the 
fivweights  of  the  governor.     The  flyweights  are  mounted  on  a  vertical  shaft  and 
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3. 
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Pioneer— lUli«f  tsIt*  8. 

C««r— Pump  drive  9. 

Geax— Pump  idler  10. 

Plttoccr— Pilot  vmlTC  II- 

Flyweight  12. 

Speeder  Spriog  t3- 
Spring  Fork 


Slwft-SpeMi  KliaKiog 
Lrrcr-Spced  MiiaKiog 
Spfins 

Flaenng  Lcirer 
Fuel  Rod 
Tcrmioel  Lever 
Servo  Piitoo 


1.  Adiusdof  Wreacfa— 

KMO-324 

2.  Puih  Rod 


3.  Lock  Nut 

4.  Feeler  Gegc-KMO-23}  B 


Figure  22.     Schematic  Diagram  Showing 
Working  Principle  of  Hydraulic 
Governor . 


Figure  23.     Adjusting  Valve  Lash 
With  Correct  Tools. 
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driven  through  a  pair  of  miter  gears  from  the  upper  rotor  shaft  of  the  blower. 
They  are  driven  at  twice  the  speed  of  the  engine.    Wnen  .n  rotation,  ^^e  centri 
fugal  force  of  these  flyweights  is  opposed  by  a  so-called    speeder  spring. 
The  compression  of  this  spring  determines  the  speed  at  which  the  governor  will 
control  the  engine.     The  compression  on  the  speeder  spring  is  varied  by  the 
throttle  on  the  instrument  panel. 

In  order  for  the  governor  operation  to  be  stable,  "speed  droop"  is  intro- 
duced into  the  governing  system.     The  term  "speed  droop"  neans  the  characteristic 
of  decreasing  speed  with  increasing  load.     H.e  desired  extent  of  this  soeed  droop 
may  be  easily  adjusted  to  suit  conditions. 

In  the  previous  lesson  vou  were  given  the  opportunity  to  go  through  the 
starting  procedures.     It  was  mentioned  at  that  time  that  when  the  engine  nad  set 
for  several  hours  it  may  be  necessary  to  hold  the  governor  control  button  m 
when  starting.     The  reason  is  that  the' governor  must  operate  to  open  the  t:nrottle 
so  that  the  Lgine  can  start.     After  setting  for  several  hours  it  takes  considerable 
time  for  the  lubricating  oil  pressure  to  become  great  enough  to  operate  the  ^ 
zovernor.     Bv  pressing  the  control  button  in,  the  fuel  rod,  item  12,  figure  i., 
whicrconnects  directiy  to  the  injector  control  tube,  t.kes  the  control  away  from 
the  governor. 

•     wn.en  the  engine  is  stopped,  the  fuel  rod  spring  forces  the  fuel  ^^d 
figure  22,  and  with  it  the  injector  racks,  to  the  "FUEL  uFF'    position.  There 
^ole    regardless  of  the  governor,  the  engine  ban  be  stopped  by  pulling  o6t  on  „ 
the^* fuel  rod  knob.     Considerable  force  must  be  exerted  to  do  tnis  as  the  oil 
pressure  against  the  servo  piston  must  be  overcome.     The  knob  thus  functions 
also  as  a  scopping  device*  ^6  -Xr 
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TUNEUP  PROCEDURES  FOR  INDUSTRIAI.  UNITS  USING  A  HYDRAULIC  GOVERNOR 

Before  changing  any'  settings »  you  should  make  sure  that  the  adjustment 
is  necessary.    All  checlcs  and  adjustments  must  be  made  only  after  the  engine 
has  reached  normal  operating  temperature.    Performance  and  efficiency  of  an 
engine  will  be  governed,  to  a  large  extent,  by  the  accuracy  with  which  the 
tuneup  adjustments  are  made.    The  mechdinlc  should  always  perform  the  operations 
carefully.    The  following  checks  and  adjustments  muse  be  made* 

Valve  Clearance  Adjustment 

The  valve  clearance  adjustment  is  very  important*    If  the  correct 
clearance  between  the  rocker  arm  and  exhaust  valve  stem  is  not  maintained 
several  troubles  could  occur  such  as:    loss  of  compression,  misfiring  of 
cylinders,  and  the  eventual  burning  of  the  valves  and  valve  seats.    Also,  since 
there  is  very  little  clearance  between  the  valve  and  the  top  of  ^he  piston 
when  in  a  certain  position,  it  is  essential  that  the  valves  be  adjusted 
properly.    Too  much  clearance  results  in  noisy  operation  of  the  engine. 
The  '*G0**  or  ''NO-GO'*  feeler  gauge  set,  figure  23,  is  used  for  adjusting  valves. 

Note:    Always  refer  to  the  publication  pertaining  to  the  engine  that 
you  are  working  on  for  correct  specifications. 


Timing  the  Fuel  Injectors 

During  the  time  you  spent 
learning  about  the  fuel  system  and 
the  operation  of  the  diesel  engine, 
the  importance  of  the  fuel  being 
injected  into  the  combustion 
chamber  at  the  correct  time  was 
pointed  out.     In  order  for  the  fuel 
to  be  injected  at  the  proper  time 
the  fuel  injectors  must  be  timed* 
In  order  for  you  to  properly  time 
the  injectors  the  ^njectOj:  follower 
guide  must  be  adjusted  to*  a 
definite  height,  figure  24.  The 
injector  identification  was 
covered  in  a  previous  paragraph. 
It  is  very  important  that  the 
riming  gauge  of  the  proper 
^height  be  used.     Refer  to  table  1 
for  the  proper  timing  tool  to 
be  used  with  various  capacity 
injectors . 


1.  Wf«Dch*PiBsb  rod 

adiuftang 

2,  Tlmtof  G*it  J-1242 

3'  Gttid^Ioi«cior  follower 


4.  )  AroH-lQtMM  rodbtr 

5.  lofMor  Body 

6.  G*fe  Hnd 


Figure  24,     Timing-iFuel  Injectors 
Using  Propei*^  Tool. 


GAUGE 

TIMING 

INJECTOR 

TOOL  NO. 

DIMENSIONS 

60  mm 

J  1242 

1.484'* 

70  mm 

J  1853 

1.460" 

80  am  \ 

J  1853 

1.460" 

T.'.ble  1. 

Injector  Timin^^Gauge 

Identification. 
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Hydraulic  Governor  Adjustments  J 

' After making  the  valve  cleArance  adjustments  and  tiaing  the  injectors, 
the  governor  adjustments  rihist  be  checked  and  adjusted  if  necessary.     The  hydraulic 
gcverncu  requires  four  adjustments.    These  adjustments  are  as  fqllows:    fuel  rod 
adjustment,  maximum  fuel  (load  limit),  speed  and  droop,  and  maaplmum  speed. 
The  adjustments  should  be  carried  out  in  the  order  that  they-ire  listed  above. 
All  of  the  adjustments,  ekcept  the  maximum  speed,  are  made  with  the  engine 
stopped.     For  additional  information  concerning  the  procedures  for  making  the 
adjustments,  refer  toUhe  worksheet  and  the  appiicable  technical  publication. 

Note:    The  injector  rack  and  control  linkage  provide  a  fuel  control  systeni 
by  which  an  equal  amount  of  fuel  can  be\adnitted  to  each  cyUnder  and  a 
minimum  to  a  maximum  amount  admitted  to  \l\  cylinders.     To  do  this  the, 
entire  system  must  be  vftjry  accurately  adjusted.    By  the  adjustment  of 
two  screws  on  each  injecior  rack  a  uniform  setting  of  all  the  injector 
racks  can  be  made.    Because  of  the  interrelationship  of  the  adjustments  on 
the  governor  and  the  fuel  control  system,  it  is  necessary  to  make  all 
adiustments  accurately  and  in  the  proper  order.     The  injector  racks  will 
be" positioned  during  the  time  certain  adjustments  are  made  on  the  governor. 
Make  sure  that  procedures  are  checked  for  correct  time  to  set  the  racKs. 
For  further  information,  refer  to  the  worksheet  and  the  applicable  technx.cal 
publications.  t 

r 

Throttle  Control 

The  throttle  control  comprises  a  unique  arrangement  of  rods,  levers,  and 
links.     This  control  connects  to  the  throttle  knob  at  the  control  panel  and 
to  the  speed  adjusting  shaft  of  the  governor.     Tlie  mechanism  is  connected  in 
the  manner  it  is  because  of  the  tension  provided  by  the  governor  control  tension 
spring.  /  ^ 

Two  positions,  "RUN"  and  "STOP,''  are  designated  on  the  throttle  knob. 
An  arrov^' shows  the  correct  rotation  to  attain  these  positions.  Incorporated 
in  the  throttle  knob  is  a  vernier  adjustment.     T^ie  vernier  adjustment  provides 
a  fine  adjustment  for  contstaht  speed  which  is  desirable  in  governor  operation. 
Tne  vernier  adjustment  is  operated  by  means  ^^f  a  worn  and  worm  gear. 

SUMMARl" 

TlW  preceding  information  gives  you  a  brief  expiration  of  diesel  engine 
fuel  system  service  and  tuneup.     In  order  for  veu  to  acnomplish  the  objective 
cf   this  lesson  it  is  very  Lmportant  than  vou  ^noroughl:./  study  tm.s  study  guide 
and  worksheet. 

Note:     Alwavs  refer  to  the  applicable  t^cnni^al  publications  or  factory 
manuals  for' procedures  applying  to  specific  .:>ngine  models.     Tuneup  and 
servicing  procedures  and  specifications  may  vary  with  different  engine 
aodels.     Tuneup  procedures  will  also  be  aiffe?.CnL  wi^en   the  medtanicai 
governor  is  used. 


pUESTIONS 

1.  It  is  important  that  the  fuel  system  control  be  correctly  adjusted. 
What  may  be  the  result  of  improper  adjustment? 

2.  A  unit  knohra  as  a  rack  is  used  on  the  GMC  diesel  fuel  system.  Where 
ISb  this  unit  located  and  what  is  its  purpose?  v 

3.  One  adjustment  of  the  kiel  contr^^-* system  j.3  on  the  fuel  rod.  What 
is  the  purpose  of  this  rod  and  whe^e  Is  it  located? 

4.  An  adjustment  for  'Ispeed  droop"  is  sometimes  necessary.    What  is 
"speed  droop'*? 

5.  The  limiting  speed  mechanical  governor  performs  two  functions.  What 

are  they? 

6.  What  is  the  principle  difference  between  the  limiting  speed  and  the 
variable  speed  mechanical  governor?  ^ 

7.  On  engines  using  the  hydraulic  governor ,\^what  determines  the  speed  at 
vhich  the  governor  will  control  the  engine? 

8.  Incorrect  valve  adjustment  may  affect  the  engine  operation  in  several 
different  ways*     List  some  of  the  conditions  that  may  exist  from  incorrect 
valve  clearances. 

9.  What  is  the  reason  for  timing  the  fuel  injectors? 

10*       How  will  the  overfilling  of  the  air  cleaners  affect  the  engine 
operation? 

11.  How  is  crankcase  ventilation  accomplished  on  the  Series  71  GMC 
diesel  engine? 

12.  /'^What^eff ec t  may  accumulation  of  condensation  on  the  air  box  floor  have 
on  the  engine  operation? 

13}    What  condition  usually  indicates  leaky  oil  seals  in  the  blower? 
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OBJECTIVES 

Upon  completion  of  this  worksheet  you  will  be  able  to:  ^ 

Identify  u.its       che  «uUifuel  en.in.  and  explain  thei^  p.rpc. . 

Operate  and  service  the  multifuel  engine  and  component^ 

EQUIPMENT 

Basis  of  Issue 
1/4  students 
I/student  *  .-^^ 


Multifuel  Engine 
Mechanic's  Tool  Set 


PROCEDURE 

Using  the  worksheet  as  a  guide  for  step-by*step  procedures  and  important 
infonaation,  perform  each  task  as  outlined  and  as  directed  by  the  instructor. 

Exercise  1 

Perform  preoperation  inspection,  start  and  stop  the  multifuel  engine. 


PROCEDURE 

Hake  a  preoperational  check 
of  the  following : 


Coolant  level. 


LMPORTANT  INFORMATION 

The  applicable  publication  should 
be  consulted  for  detailed  informa- 
tion.     In  the  appropriate  space, 
list  items  to  be  checked  and 
answer  all  of  the  following 
questions 

a*      Explain  any  important  in^ 
formation  concerning  the 
cooling  system. 


i5ei  ts 


What  is  the  maximum  permissible 
slack?     List  items  that  belts 
are  checked  for  - 


Crankcase  oil  level.  c.      When  should  the  oil  level  be 

checked? 


d,      Diesel  fuel  tank.  d.      Why  should  the  tank  be  kept 

full  during  storage  and 
between  periods  of  operation' 
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PROCEDURE 


IMPORTANT  INFORMATION 


e.  Battery.  « 

f.  Visual  inspection. 

/ 

'^Start  and  operate  engine. 

a.  Position  control* 

b.  Start  engine, 

c.  Adjust  engine  speed  for 
warmup  period. 


e.  What  Is  the  battery  checked 
for  during  the  preoperation 

checks? 

f.  What  is  this  inspection 
primarily  concerned  with? 

Observe  all  safety  precautions. 

a.  Explain  position  of  controls. 

b.  What  is  maximum  titrte  the 
starter  should  be  operated 
at  one  time? 

c.  What  engine  RPM  is  desired 
during  this  period? 

How  long  should  this  speed  be 
niaintained  for  warnrup  period? 


Oil  pressure  should  never  be 
below    pounds. 


Coolant  temperature  should  net 

excep.d    in  cold 

weather . 

Stop  engine.  ?.       Explain  why  enp,ine  should  hn 

idled . 

.Note:     Idle  engine  for  a  few 
minutes  after  a  load  has 
been  removed. 

Exercise  1 

Identify  fuel,  starting  and  lubrication  \init.3» 

PROCEDURE  IMPORTANT  INFORMATION 


Identify  fuel  system  unlc. 


In  the  traces  provided*  ii^^C 
unit  that  make  up  the  fuel 


IMPORTAMT  INFORMATION 


2.  In  the  space  provided t  list  the 
units  that  make  up  the  lubrica- 
tion system. 

Explain  the  purpose  of  oil  coole 

3.  In  the  space  provided^  list  the 
units  that  make  up  the  starting 
system. 


Exercise  3 

Remove  and  install  the  fuel  injector  pump. 

PROCEDURE  DtPORTANT  INFORMATION 

Position  engine  so  that  No.  1  1*      Refer  to  applicable  publication 

charge  is  on  TDC  of  compression,  for  detailed  information.. 

Remove  hydraulic  pump  from  2. 
the  front  of  the  engine. 

ReiTiCve  the  two  bolts  holding  3. 
*the  pump  bracket  to  engine 
block . 

Remove  the  two  nuts  and  one  4, 
bolt  holding  the  pump  to  the 
accessory  gear  housing* 

Ren:cve  pump  w/   adv:ince  unit*  5. 

?veT:ove  pump  bracket.  6* 

Txerci se 

Time   *"uel   injector  ptinp - 

P ROC K DU RE  IMPQRT.^jNT  INFORMION 

Ro^move  inspection  covtir  from 
advance  unit  to  align  timer 
mark  with  pointer. 

/vlign  red  tooth  on  plunger  2, 
drive  gear  with  irarker  on 
pump  housing . 


PttPCElXJRE 

Idanclfy  units  of  the  engine 
lubrication  system* 


Identify  units  of  the  starting 
>3vstem. 


I 


Exercise  5 

Ills  call  tnjeccor  fuel  pump  by  using  removal  instruction  In  reverse  of 
items  in  exercise  3. 


Exercise  h 


Time  cvlinder  valves. 


PROCEDURE 

!•     Place  No.   1  cylinder  at  TDC 
o !   compression . 

2.     No.   2,  adjust  following 
cvlinder  valves- 


:/:pr)RTANT  INFORMATION 

Waici;  pointer  and  tir.ing  mark 
located  on  crankshaft  pullev. 

Rotate  crankshaft  until  No.  I 
intake  valve  is  open,  then  adjust 

2,  3,  6  intake  valve  and  1,  2,4 
exhaust •     Rotate  crankshaft 

'^ntil  No.  6  intake  is  open,  tr^en 

id  ^ use  1,        3  intake  valve  ana 
.   3  ,   3  •       exhaus  t . 
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MULTirOEL  ENGINE  FAMILIARIZATION 

C3JECTI\^S 

'Jpon  completing  this  unit  of  instruction,  you  will  be  able  to  local*  and 
laentity  engine  components,  describe  the  operating  principles  of  the  maitifuei 
engines,  and  perform  engine  tuneup. 

INTRODUCTION 

The  nultifuel  engine  is  mechanically  the  same  as  tne  gasoline  and  aiesel 
engine  ana  the  operation  is  similar  to  the  four-cycle  gasoline  and  diesel 
engines.     It  operates  on  diesel  fuel,  compression  ignition  fuel,  or  gasoline. 

INFORMiXTION 

LOCATION  OF  ENGINE  COMPONENTS 

In  this  study  guide,  the  terms  defined  below  will  be  used  to  identifv 
tne  location  of  engine  parts  and  assemblies. 

The  ends  of  the  engine  will  be  called  the  "fan  end'*  or  "front*'  and 
The  "fU^heel  end"  or  "rear." 

2.  As  viewed  from  the  rear  end  of  the  engine  toward  the  front,  the 
sije  to  the  right  is  called  the  right  side.     The  side  to  the  left  is  called 
the  left  side. 

3.  The  cyUnders  are  referred  to  as  No.   1  through  No.  6,  viewed  from 
the  front  of  the  engine. 

4.  Starting  from  the  front,   the  main  bearings  are  numbered  1  through  7. 

5.  Tlie  connecting  rods  are  numbered  from  the  front,  1  through  6,  and 
are   identified  by  matched  numbers  stamped  on  the  rod  and  rod  cap  bosses. 

n.       Crankshaft  rotation  is  clockwise  and  camshaft  rotation  is  counter- 
.:lockwise  as  viewed  from  front  of  the  engine. 

7.       The   fuel  filter,   located  a:   the  left  rear  of  tne  engine  has  a 
r*-fpiaceaole  element , 

3.       The  two  oil  filters  are  located  at  the  left  front  of  the  v:ngine  and 
are  identical  and  Interchangeable. 

'    9.       The  rwo  cylinder  heads  are  identical  and  are  interchangeable.  Vali 
cylinder  heads  will  be  referred  to  as  front  cylinder  head  and  rear  cylinder 
i;ead  in  this  study  guide. 

\       10.       Tlie  two  cylinder  head  water  outlet  manifolds  are  identical  and  are 
i'tiperchangeable.     When  mentioned  the  manifolds  will  be  referred  to  as  the  front 
cyfinder  head  water  outlet  manifold  and  the  rear  cylinder  head  water  outlet 
:Tianifold. 

11.      The  assembled  rocker  arms,  shaft,  and  supports  are  interchangeable. 
UT-ien  mentioned,  they  will  be  referred  to  as  the  front  set  of  rocker  arms  and 
tne  rear  set  of  rocker  arms. 
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Figure  25.     Engine  Stroke  Cycle  and  Valve  Events, 

PRINCIPLE  OF  OPERATION 

The  Model  LDS-465-1  hypercycle  multifuel  engine  operates  on  a  compression 
ignition  four-cycle  diesel  principle,  figure  25,  similar  to  conventional 
four-cycle  diesel  and  gasoline  engines*     A  fuel  density  compensator  is  pro* 
vided  as  a  part  of  the  fuel  injector  pump  to  autotriatically  maintain  constant 
full  power  regardless  of  type  or  mixtures  of  fuel  being  used  in  the  engine. 
Mechanically  this  four-cycle  compression-ignition  engine  and  the  gasoline 
engine  ar*.    alike  in  respect  to  internal  moving  parts*     The  compression  ignition 
principle  is  explained  m  the  following  paragraphs. 

Intake  Stroke,  Figure  26 

Adr  is  '^orced  into  the  cylinder  through  the  open  intake  valve  by  atmos- 
pheric presb.^re  during  cranking,  or  by  the  turbocharger  during  engine  operation 
The  intake  passage  in  the  intake  manifold  and  valve  port  opening  are  designed 
to  produce  an  air  swirl  in  tha  cylinder  as  air  enters  the  combustion  chamber 
during  the  intake  stroke  of  the  piston* 

Compression,  Injection,  and  Power  Stroke,  Figures  27  Through  29 

On  the  upward  movement  (compression  stroke)  of  the  piston  the  air  swirl 
continues,  raising  the  compressed  air  tempt: rature  to  between  900  and  1000**  F. 
Near  the  top  of  the  compression  stroke,  fuel  is  injected  by  the  fuel  injector 
nozzle.     A  small  amount  (five  percent)  of  injected  fuel  is  deposited  as  a  thin 
film  on  the  walls  of  the  spherical  combustion  c'namber  in  the  head  of  the  piston 

The  small  amount  of  fuel  charge  is  atomized  into  the  air  space  in  the 
spherical  combustion  chamber  in  the  head  of  the  piston  and  functions  as  a  spark 
plug  for  the  remainder  of  the  charge. 

46  rr. 
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Figure  27.     Air  ("empress  i^)n  Stroke 
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'^Hiring  the  igniticn  aelay  period,   the  T.nin  portion  of  tiie  charge  Is  exposed 
to  a  temperature  below  its  cracking  temperature  and  is  andergoing  precombus tion 
reac  C ions . 

Tne  nain  portion  of  the  charge  is  progressively  vaporized  and  swept  off 
the  coLnbustion  chamber  wall  by  the  hign  veLjciry  rctary  air  swirl.     Tne  air 
swirl  was  generated  during  the  intake  stroke.     Tiie  vaporized  fuel  burns  smooth 
la  tne  spherical  combustion  -  h amber  a-   t'.e  :uei  is  swept  bv  the  air  swirl  from 
tne  wall  prr^gressivelv  over      pericd  Li'-'. 


The  roiiowmg  successive  portions  ol  -ilsu  undergo  the  same  sequenct? 

c-t  ovvnts   IS   thev  are  spread  first  upon  the  snnerical  combustion  -^-ail  and  tnen 
graduallv  removed  in  vaporized  form  bv  t:.e  combined  action  of  air  swirl  anci 
tne  heat  of  the  fire  already  in  progress  in   t:.e  spiierical  combustion  chamber, 
Tne  air  swirl  coTitinues  to  remove  only  the  upper  surface  of  deposited  fuel  for 
combustion  expansion  throughout  the  power  stroke  ot  the  piston,  maintaining 
^^v^'^n  r.^mb^istion  and  eliminating^  detonation  kn^c.^.* 

:*A::au::5t   Strode,  Figure 


The  *i;':-:hausr  strt,:?ke    is    tne  same 
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VALVE  ROCKER 
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nu'/   oast  iron  cylinder  ana  cranKC^se  ..-viinaer 
.r.t?  ausizn.     The   cviinoer  .itia  crankcase  hdve  r  ep  1  actia^)  le 


r 


iry"  ^^ast  Irr-; 

Iinder  sleeves  which  are  slip   ritred  in  the  cylinder  bores.     T\\e  cvlinder 
.,<i  secures   t:ie  sleeves   in  -ores  of   the   cranKcase  ,     Maximurii  rigiditv^f-r 

...rankcase  is  provided  bv  ex  t  ..^ t::e  sides  of   tne  crankcase  he  low  the 
nter  line  ot   tne  crankshaft.     S^.^vt-n  -r.ain  bearing  caps  provide  maximum  support 
r   tTic  -:rankshart  ^v  being  re':ess»-::  into  tiu:*   transverse  webs  which  are  cast 
Lograliy  with  the  crankcase.     The  seven  mam  bearing  caps  are  an  integral 
rt  of   tiie  cylinder  and  crankcase.     The  cast  water  jaclvet  provides  a  unirorT: 
ansfer  of  rieat   tc   the  engine  covjiant  . 


^rank siiaf  t  Aj^semolv  ,   r  i^^vir^  )! 


The  crankshaf t  as senb  1'/ 


a  one-piece  "^mi 


*r   ::L^rt^eO  anCi  r-ard^-ned  steei.^ 
j:w  end  :ias  a  flange  for  -nuntmg   t:-e  flywheel.      P:e   ouier  end  nas  a  rnachined 
./at:  with   a  k:ev   slot   to  mount   tr^ei  .ranksriaft   gear  and   cranksnafr  torsional 
■/::  rati::n  danoer  and   pnllev  as^ci-t-lv.     All   crankpin    w.;urna]s  are  hollow  to 
reduce  weight.     Ho  es  are  drilltid  a^a'^onaiiv  taroucn  eaco.  mam  oearmg  journal 
■ind  extend  through   tne  crank  chce r   u>  lac:  no- luad  .->ide  of   t::e  crankpin  journals 
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■ 

crankshaft  Tuiin  b^-^ririi^s.     The  crankshaft   Is  jvnar^icallv  baUncec 


iiln  3^:^nring^5,  Figure 


with  co?fer-lead  al  L. 
ha an  oi I  pas sag^  . 
crankshaft  thrust 


h  f*  a  r  1  n  ^       r  f  a  r  s  . 

>j  c  e  n  t  e  r  y.  a :  n  h  ..1 1 


:  rn       -  tr  - ■ 
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Connecting  Rods,  Figure  31 


The  six  connecting  rods  are  tapered,  I-beam  section,  steel  forgings.  The 
connecting  cod  bearing  caps  are  joined  to  the  connecting  rod  at  a  45-degree 
angle  to  facilitate  removal  of  the  piston  and  connecting  rod  asseniblies 
through  the  top  of  the  crankcase  cylinder  bores.    The  cijpnecting  rods  and  caps 
.\re  aarked  for  identification  and  are  replaced  only  as  an  assembly.    A  bronze 
I-;ned,  steel-backed,  bushing-type  bearing  is  pressed  into  the  piston  pin  end 
of  connecting  rod.     The  bushing  is  diamond  boted  for  precision  piston  pin  fit. 

Pi.-,  tops  and  Piston  Pins,   Figure  31 

rv.i-   rin-plated,  .ilu-inui--al  1 -.■>•   :',-.rged  pistons  -ire  cam-ground  to  provide 
iC'WiT^z^.-  :lt  m  the  cylinder  r:ore  at  operating  temperatures.     A  spherical 
.:aped  conbustion  chamber,   figure  is  oiachined  in  the  dome  of  the  piston. 

Kauii  t?iston  accommodates  three  compression  rings  and  one  oil  control  ring.  The 

ston  pins  are  hollow  and  are  hardened  steel  to  give  long  service  life.  The 
j'ji.iton  pins  are  held  in  the  piston  pin  boss  by  a  retaining  ring  at  each  end 


ana  Busr^.ing-- 


lear  mgs 


crizishaft:  assembiv,   figure  \s  solid  and  niade  of   forged  steel.  The 

-Ti.s'.afc   IS  iupporLed  tn   the  cviinder  and  crankcase  bv  four  steel-backed »  copper- 
replaceable  bushing-tvpe  bearings,   figure  22.     A  thrust  plate  located 


used  CO  control  camshaft  end  play, 


, y  ^.r  r. and   P ' jS  n   Kod s 


Tl.e   12  tappet::^,   figure    31,   are  .solid  and   are  cc:»un terbored  to 
^:;:r:  rods.     Hie  ''^ottoTB  of   the  covintorbore  is  nachined  to  serve  as  a  bearing  sur- 
.i-^^t   ror   r.ntt  pub     ro<is.      ^^he  Lapptfrs  are  drilled   Co    illow  oil  drainage.  The 
J  ;-.,jsh   rods  are  rubular     with   trie   iover  end  naL^iine  to  fit   the  fajearing  surface 
:  r^ippet.     Tru-  upper  eiic  or  pus;;   rod   is  rr.aoMined   to  tit 

■.:ivtr'r  ar^^.  viUjusting  screw  bearin*7  -lurtaoe. 

r  .i:- r.. -^iia  1 1:  -w.d  ^'ar^snat.  t:  St.*ars 


accept  the 


tb.e  valve 


■  ranKrW'iat 


t  w;ure    ■  1  ,  res  so  a  onj  and  keyea  r,o 


iron:    )f   the  crankshaft  ,     The  cranKr.haft  gear  drives  the  cartehart  gear 


..r'     ret?i  neiicai   ^amsnati   /Zear  is 
-    -r.c   caiT^saaft   *;t:'ar   and  one  rcct:. 
rrv'per  valve  Liming  alignment. 


■ '/ e d  to  t : . o  e n c:  . ;  r    t : i e  c aris ;ia r  t 


Two  teet:- 


*::e  ;.ra 


nk-hjf:.    ..n-.ir  are  riJnv:h  narked  f^^r 


r:inr:..r.naf t   Vibration  jamper  ana  y^er^n^v 

T'^t;.-  :nG\ded  rubber^t'/pe  crank -.;,ar  ^    torsional   v ;    ra  t  i  on  oo^^per  and  puL^ev 


:r:vt^-   tne  water  p^jj:\v ,    .;e:;o  r/i  r  or  ,^  .inc    iir  ccnrros^or 


r  ne 


jrankihaft.     T^ie  triple 


^  /  1  :  noo  r  r.^  aus 


0  y  ^  m  G  r  r :  e  ao  ^  are  . 
*ati„    t^iv^   c\- 'C  r'^^-.'^'j  .1 


criareablo  valve  guide: 


i  r  A  i.  and   :  n  t    r c  r^iangeab  )  t.   as   a::  seno  lies. 
i  ^ ^  *       y^,.,  r     r    1  r  '^^  ne  ;ids  h  avf* 

d  v.■ll^M'  -:rvus  .     Each  c'-l  inder  r-iead  covers  three 


cylinder  bores  and  has  intake  and  exhaust  vaive  port  openings.     The  intake  port 
openings  in  the  heads  are  so  designed  that  an  air  swirl  is  created  as  air  enters  _ 

the  combustion  chamber*     Each  cylinder  he^d  has  openings  for  the  cv Under  :-eaa 
water  outlet  nanifcids- 

Valves  and  Valve  Springs 

The  six  intake  and  exhaust  valves,   figure  31,  are  coni^tructed  of  a  special 
steel.     Each  valve  has  an  cuter  and  innt^r  valve   spring  and  a  positive  valve  rotvT. 
The  valve  springs  are  secured  in  positicn  vit:i  -h  retainer  and   two  kevs* 

Rccker  A.rni  Shafts  and  Supports 

The  two  rocker  arm  shafts,   figure  31,  are  constructed  of  heat-treated  seam- 
less or  welded  steel  tubing.     The  rocker  ann  shafts  are  secured  to  the  rwo 
cylinder  heads  by  rocker  arm  shaft  supports.     The  supports  are  interchangeable 
and  are  drilled  to  rerrr.it  cll  frorr.  the  r^W   r^re-^^iure  puir^p        pass  rhrciiRh  tn  the 
rocker  arm  shafts.     The  shafts  are  also  drilled  tc^  distribute  oil  to  the 
indiviciial  rocker  arr;S* 

\*  a  1  %•  e   ?  L>  c  K  e  r  A  r^.  t? 

The   twelve  rocker  arms,    figure   31,   aro  hot- r  .^llti^d ,  heat-treated,  -arb.}:: 
steel  sta.iiplngs.     Vm^-   steel-backed,  h  rcnze- ra.:c-ci ,  rocker  irr.  bushings  are  ;^.ot 
replaceable.     Adjusting  screws  at   the  pusn  r-^d  end  of  ea^  n   rocker  arrTi  perrT^it 
r.aintenance  of  propel-  clearance  ir   the  vnlvr-  train. 

Intake  Manifold 

The  one  piece  c^ist   .ilur.inur.  intake  ^lanitold  is  water   ;acketed,     Cct)lanr  is 
circulated  through  the  jacket,   and  heat   thu::^   r:ransferred  to  the  induction  air 
ini  roves   the  cold  weatrier  coniLJustion  coiarao  rer  ist  i  .s  ol    the  engine.  The 
thennostat  housing  is  secured  to  the  front   flani;^^  '^f   t:ie  manifold.     Thr  intiake 
-T^anifoid  al^o  hou^^e^^   tne  vater   r empera^^jre   ^e:ri:no.  unit. 

;:x:-ausr  Manifold 

Tiie   exriaust  rnanifold  con^  i^ts  of    vor*-*^'  ^oist    ;  r  ^n  secri^ms.      The   t:vo  ^jnc 
'^e t  i ons  ar  c    ^  o  i  n ed  t  •::   *ih  e  o  en  t  e  r  se  o  t  i  un  'o     - 1  i  o    ^ '  >  i  r  r    .      T     ^  reven  t '    :<h  a os  t 
leaks  at   rhes-    'oinis,    tl;ree  netal  o^--al   rtn^^;-   are  used  at  e.'uhi  center  section 
end. 

Cvlind^r  Head  Water  i.urlet  *^'^nifolds 

> 

The   two  aluminum  cylinder  head  watt^r  outlrr.t  manitoics  are  secured  to  t.^e  v^'o 
cvliniier  heads  by  cap  screws  and  gaskets  ^r.d  --.V'^  .o'nnt^otLo:  t  :   to*e  water  ]acko^:-' 
intake  nanifnld  by  rubber  hoses  and  clu^p- . 


Criinkcasc  Breati^er  Tube  i 

% 

the   rviinder  head  assrrrhlies   and  orankcase  are  ^on::ed   i/irougn  an  adapter 
and  crankcase  breather  tube.     The  adapter   i:^   Iv/cated  on  top  or   tne  trcnt  and 
rear  cvlinder  head  covers.      The  crankcai^e  :>reat:ier  tube   is  attached  to  the 
adapter  bv  a  rubber  hose  and  cianps  and  the  open  end  is  secureci  aL  the  turoo- 
c  h, sir  g e  r  o-  i  1   o u  1 1  e  t   l  1  a  Oi  i£  . 
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Erieirie  '  11    r  Icu'  i,;rcuit  Jiasjrarn. 


.      ri  cat  :en  svsLori 

The  engine  has  a  tuil-pressure  lubricating  <.y.t.-n,   figure  3^.     The  pressure 
svstem  insures  a  continuous  delivery  of  oil  to  ail  ongme  moving  parts  regard- 
less of  the  angle  at  which  the  venicle  may  be  incUueu.     il.e  oil  flow  control 
is  shown  on  figure  33. 

OIL  PUMP.     Ttie  oil  pump   is  a  ..iuai   unir   consistinK  .n"  a  scavenge  pump  and 
a  pressure  pump.     The  oil  pump  i.  gear  driven  by  the  crankshaft  gear  through  an 
^'■i   nunp  idler  gear  which  is  mounted  on  a  shaft  extt^nding  from  the  No.  1  mam 
hearing  cap.     The  pressure  oil  parr.p  picks  up  cii  from  t:,e  oil   reservoir  at  tne 
rear  of  the  oil  oan  through  a  Dickup  tube  and  delivers  it  under  pressure  to  tne 
.  il  filters,  oil  cooler,  and  engim-    ul  ^>alierles.     The  scavenge  oi  1  pump^  picks 
urs  ell  from  the  front  of  the  oil  par.  via  a  picKup  luo^  ana  spills  oil  back  iiito 
t:\e  rear  reservoir. 


OIL  FILTERS.    The  engine  has  two  replaceable  element-type  oil  filters, 
figure  33.    Both  oil  filters  are  identical  and  interchangeable.    The  dual  unit 

filters  are  mounted  on  the  oil  cooler  and  oil  filter  housing  assembly  at  zne  left 
side  of  the  engine.     Pressurized  lubricating  oil  is  forced  through  the  filters 
before  entering  the  oil  cooler  and  engine  lubricating  system.     An  oil  filter  by- 
pass valve  is  located  below  the  front  oil  filter*     This  valve  routes  oil  directly 
to  the  oil  cooler  if  the  oil  filters  becon^e  clociged.     The  bypass  valve  opens  ar 
a  differential  pressure  of  15  psi. 

Oil-  PAJ^\     The  stamped  steel  oil  pan  has  a  s:^ll  sunp  at  the  front  and  ,i 
large  sump  at  the  rear.     Each  sump  is  provided  uith  a  T^gnetic  drain  plug, 

OIL  COOLER.     The  oil  cooler  is  located  at  r.:e.  rear  of  the  oil  cooler  and 
oil  filter  housing  assembly •     The  jacketed  oil  cooler  performs  two  functions: 
to  transfer  heat  to  speed  warmup  of  lubricating  oil  during  cold  starts,  and  to 
maintain  lubricating  oil  temperature  at  a  normal  operating  level  during  nor^rsal 
engine  operation.     Hie  oil  cooler  bypass  valve  opens  at  a  pressure  Jif ^^"erential 
of   15  psi  if  the  oil  cooler  becomes  clogged,  routing  the  oil  directly  to  the 
engine  oil  galleries^ 

BEARING  LUBRICATION,   FIGURE  32.     The  c raiik:.:iaf t  a-d  connecring  rcu 
nvne  bearings,  .and  the  car?.shaft  bushing-tvre  bearings  are  lubricated  from 
drilled  passages  in  the  cylinder  and  crankcas^^-  :jnd  through  the  cranksiiaft 
journals  anu  cheeks.     Oil  under  pressure  ircn  the  oil   filters   ^md  oil  i.o^ucr 
enters  trie  niain  oil  gallery  in  the  cylinder  ana  crankcase.     Oil  flows  from  tht 
oil  gallery  through  oil  passages  to  the  crankshiafr  main  bearings  and  canisliaf:. 
bushing-type  bearings.     oil  lubricating  t^ie  crinksi^aft  -^ain  be^irini^s  flows 
around  tb.e  bt^arings   to   the  drilled  oil  pas:-a^*.^s   ir.  tliC   cr?.nkshaft    ^.'irnal:^  .mo 
cheeks  and   to  the  connecting  red  bearings.     y.xct^ss  oil   leaving  ir.r  h^'.irines 
flr:ws  back  to  the  oil  pan  to  be  rec  i  r  ca:  .1  .u.  oc .      Tht*  r^'v/l-'or  .i' — .  :-'irinr^ 

and  otner  components  uf   the  valve   tram  -irf    i i  . .  :it  l  ..:   ..i:...  ft;C    ::.r(V:.:c:  ..i 

p.issage   leading   fron   the   rear  cams:^aft  :^^_:,iri:;c. 


proper  piston  operating  temperature.  c 

throug:^  ^"in   individual  oil.   galler^'  an^^  : 


iT^m  irnu:: 


^  r  e  ^  s  u  r 


:n  t  ro 


r  IS  t ens    i onvevec 


1  J.    C  i  i  1  *  w  IT'        V  •     i '  • 

:m    ic  v;i!":(  e    :n  :  l 


tne  engine  oil  syr^Ltiir.,      .il         lirectLjd  L.^'j  :na^n 

external   flexible  hose  connected   to  the  inS.-ct, -^r 

Refer  to  Tt  9-29 10-li J^:- 3:^   for  conolete  ..iu-^^cri::  t;  i  cn  -^-i    t  u».^  1   in^*jct.,,^r  pu-^^p 
luoricatmg  svstem.     ■Hi   leaving  t:*e   :n^-;t-^r  p-i-u:   r-tiirr^r.         t_:;e  -n^iriv    .  :  . 
tinrough  passages  in  the  injector  pump  acvanc-  unir  and  an  ^/xtemal  nose  fr^r;  t 
botton  -U"  eoveinor  body  to  the  oi*   pan.  tor  pump  crivcn  :;ear,  T:^:':r- 

is  iubricat^-d  b;.-   ./ii  :spia^:ined  on   r.e  ^^e/.ir     v  iris.::Ht:  2».r.^r. 

T*.*RBi;CHAK(^^R  ,    I.l'BHl  CAT        .      T]:^.    r  or   o  v      r  c*  r         1  ^ .:  r  i  oi :  <.oi  hv   r-o  on.:;:;t' 
oil  rroT^  tne  nam  oil  .;alierv    lorou^n  .m  ^o-;  c  -  rna  1    io::.^j.     -'il   :  ro:':  i-^.^.-   lur:  - 
c:;ark2er   :^  T'^tori^-^o   to   :.:ie     i  1  ran.         :  ^  r   *  ^--'^'^^  -  "  >■ ;   1    r    :  oiiii^c 

dvs cr  i n  r  .^n  c     t o  r ^c ;.a n^.* r   1  nb  r  :  .  o  t  o  o .  . 
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Figure  34-     i:.ngine  >^ooiing  System  'Oiagrain. 

■  \  ui::ig  System 

n.e  engine  is  liquid  cr.o led,   figure   34,     Cc^Uant  is  circulated  throughout 
.-n^i lie'  cooling  system  by  VAe  tel:-dr^v-n  water  pump  assembly.  Temperature 
.  'i  ..oolant  is  controlled  bv  rii.'  cherrjostat.     Front  and  rear  cylinder  head 

water  outlet  manifolds  maintain  m  ecual  distribution  of  coolant  around  each 
.  V  I  iade  r  'lead  . 

WATER  Pl'MP  ASSifMBLY.     The  waCt^r  yump  asserabxv  is  mounted  on  the  front  of 
cylinder  and  crankcase.     The  ;  i.r.r  i:i  belt  driver,  from  the  crankshaft  damper 
..na  pullev  assembly.     fr-.e  iapell...:r    inve  snaft  r-tates  in  a  sealed  double  ball 
rearing  nousing.  and  does  not  :..^:uire  periodic  lubrication.     The  double  water 
purap  pulley  is  pressed  on  t.h.'  water  pur.p  shaft.     T'^^.e  water  piirap  has  a  bypass 
connection  which  allows  coolant  tron  the  thenr.c.s  tat  r.ousing  to  enter  for  re- 
circulation.    Coolant  ^ypasse.-,  tat:  radiator  wb.en  the  theraostat  is  closed  during 
.  •  r.  i,;  i n  e  wa nnup  . 

fa:;  .  FIGURES   31  AND  34,     Ihi-   i.m  has  ^ix  blades  and  is  attached  to  the 
water  punp  pulley.     It  provides  prrver  Mr  circulation  through  the  vehicle 
r.id  lator . 

THERMOSTAT.     Control  of  ro.-iant  flov  fron  trie  heated  engine  to  tne  radiator 
■•  =  T^aintained  bv  a  themostat   i:y:,i,\lied  in    i  housing  at  the  front  of  the  intake 
rr.anifold.     The  thennostat  is  sei   u;  open  at  IdO'  F.     Tlus  closes  off   the  bypass 
t:}  the  witer  pucip . 


Fuel  Svster. 

Tiie   fael  systeni  on   this  engine,   tigur*.    J3,  .illv^w^  tiie  engine   to  operate  ^^ 
various  Lvpes  *iuci  gr<idrs  oi   fuel  without  au  *•  m;->  t  ir*ii   t.\^  *  Uk-'J    init'ctwr  puiuV - 

n-FT.  SUPPLY  PLTfP*     The  fuel  supplv  pur.r^  is  parr  of  the   f'jel  in  lector  pump 
assembly.     The  supplv  pump  taKes  fuel  froTr:  the  v-hLcie  rue:    lan)^  and  celiv^r-^ 

under  pressure  to  the  flame  heater  fuel  ^v^r^-^  fllrr^r  and  pviir.p  :\nd  to  t:\^ 
engine  fuel  filter  and  fuel  injector  purr.p  .  *  ^ 

FUEL  FILTER.     The  angine  fuel  filter  i'^'   It^c-nted  3t  the   ler  t  re-ir  cf  the- 
engine  and  has  a  replaceable  element.     Dirt   is  rri-^arv  cause  or   fuel  in'-r 

tion  system  malfunctions.     T!ie  fuel  filter  -ust   ^-tr  rroperly  -.L^r\':c(-U 
fuel  lines  between  the  fuel  filter  and  fu^^l   iuj^^rmr  punp  s^^>ui:  n^'t:  •jt:^ 
connected  unless  absolutely  neressarv  . 


R'EL  INJECTOR  PUMP  ASSEMBLY.    The  fuel  injector  pump  assembly  is  driven 

■ov  tae  fuel  injector  pump  driven  gear  which  in  turn  is  driven  b:'  the  caoshatt 
^ear     figure  31-     Tl^e  single  plunger  distributor  type  puir.p  is  used  to  supply 
pros-irx2ed  fuel  to  each  individual  fuel  injector  nozzle  and  holder  assCTubly 
in  firing  order  sequence.     The  fuel  injector  pump  advance  unit  automatically 
-lovides  a  gradual  B  degrees  advance  of  fuel  injection  timing  over  the  engine 
'-;peed  range.     A  fuel  density  compensator  on  the.  punp  automatically  maintains 
•onstant  full  power  fuel  flow  regardless  of  the  type  or  mixtures  of  fuel  being 
used  in  the  engine,     For  complete  description,  data,  and  maintenance  ot  this 
puiTsp,  refer  to  TM  9-29 10-:2o-35  . 

r.rL  INJECTOR  NOZZLE  A.ND  HOLDER  ASSEMBLIES.     Tlie  six  fuel  injector  nozzle 
-.uidcr  assemblies  are  used  to  inject  fuel  into  the  conbustion  chambers, 
■   .-ure  :3.     Hie  in  lector  nozzle  -md  holder  assemblies  are  sealed  against  leakage 
'/cQ-oper  gasketl."'  TTie  fuel  inj^^ctcr  nozzle  and  holder  assemblies  are  inter- 
-n-ected  bv  fuel  return  tubes  lo  return  excess  fuel  to  the  fuel  tank.  Hie 
".>z2le  and  holder  assemblies  .tre  ;id  jus  table  to  provide  Che  proper  opening 
pressure  and  sprav  pattern  fur  economical  engine  operation  and  propt-r  performance, 
r.ich  assembly  can  be  replaced  without  removing  the  valve  rocker  covers.^ 

F'EL  HOSES  a:,D  TJBES  .     Ilie   fuel  supply  pump- to- fuel  filter  inlet  hose  and 
■f   '.jici   irneccor  pumo  inlet  hose  are  the   flexible  rubber  cennpos  i  t  ion  type, 
-■  e  si-.-  fuel  injector"  tubes  are  :=ubjectea  lo  high  fuel  pressure  during  operation. 
;:;esv^  tubes  are  all  H»^sar.e  lengtn,  and  are  fabricated  from  soft  annealed  steel 

anc  convev  ^e  1  from  the  fuel  Injector  pump  nead  to  each  individual 
f'.r.i   Ir.jector  nozzle  and  holder  as^s-noiy.      ir.e   fuel  injector  nozzle  holder  furl 
'"•-'urn   ind   ruei  v^vf  rf  low   •  rt-eb  .ire  I'^^de  ■:'t   plastic  tuhin^. 

Intake  '-^ani  t  .'Id   Fla.T^e  Heater  .ir.d   ;'uel  Svsten 

T.:v  engine  is  equipped  with  a  flame  tvpp  manifold  heater,   figur.-       ,  fox 
j—n,.    f;-,e    induction  air  -Juii:..'   ■...^i  ;  we.afier  :.tart..ns  and  warmup  oper.ir.ion. 

'"J\y^  HrAir,?,  ASSLMBL"'.      llu'   rlame  neater  asse-.Dlv   is  rcmposed  of  a  housing. 
,,--/.Vuig  "and'iprav  nozzle  and  uoluer  assembly.     The  spark  plug  is  energized  by 
■    .'' •  lame  ll^3Cer   igniti(-n  unit,  :.>r  ctm  1  .  wni  ch   is  -ounted  on  the   intake  manifold 
..  "' n-.,--  nozzle  spravs  fuel  under  pressure  into  the  intake  manifold  elbow 

//':e«Mv!*"  Ine  Tael  vapor   is  ignited  nv  the  .-park   plu,^  and- burns   in  the  intake 

r:.e  air  lefore    ir   .nters   tiie   engi"e  ,N-nn:^  us  r  i  on  onamuers.  H^e 
:':',;^..'.eat.;r  will   operate  on  all  fuels  specified   f -r  the  engine,   therefore,   t  ue . 

•  r',^'".  "^'-.^-^  vphiclv   r'*:cl   tanks.  * 

-Js^-:    HhAlhK  I'.Lh  r'"^:-  ASS1':-3:V,     I'he   flame  ;^vjater   tuel   pump   assembiV  is 
'^v-  T  hra">-.e:   ne.sr   r:se  ri.:ut   rr^^nt  ■■  '  ..n^me.      Ine  ruel^pump 

^  '  t  <ir ■>  r. *.'po    1  r  i  v en  i  -   ■      i , ;  ^  * . t.^ la     ^c;  ^,.^.11^   .  ,t.  ^  . .  *  .      * . .     ^  ^i.. ^    -  r 
,    ,    .   c    -  . :  1  s.-   *-.,e  '    '"c^    'our  at       '^rf*;^  sure  ^1         psi  .      T^^e  pump 

-.-::civirs  luei   f r.^r.  tne  vehicle   i"uel   Lank,   through   trie   fuel  supplv  pump  and 

i:i  energized  ny  an  on-off   -.it::i   located  on  :;.e  ver.icle  instrument  pan.- 1  . 
d  on   rho   :^a!::e  Dracket   as    rn.^   flame  nearer   fwe;  ;:unp^ 
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interchai.geable  ,  aro  trnergized   (>;.por,ed)  vhc;:i.!ver  lU^  fl-ine  heater  assembly  and 
fiame  heater  fuel  pump  are  actuated.     n^.tsc  valvts  insure  that  fuel   is  deliv*.'rft 
only  when  the  system  is  actuated,  and  they  stop  the  flov  of  fuel  the  instant 
flame  hi'act'r  actuation  is  di^c:v;tit  iauc-d . 
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Figure  17.     Advantages  of  Multlfuel -Compression  Ignlclon  Engines 
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Figure  39,   'Left  Flywheel  End^iew  LDS-465-1  MultlfueA  Engine. 
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I  •    Figure' Ai.     Right  Flywheel  End  View  LUS-A65-1  Multlfuel  Engine. 
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Figure  43.     Fuel  InjectioTi  Pump  W/Adva^tp*^t ,  ^^erlcan  Bosch -Type  PSB-6A  LDS-A65-1  Eagine. 


Figure  4A.     Lubrication  System  Fuel  Injection  Pump  PSB-6A. 
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NO.  1  CYUNDEH  lOTH  VAIVES  OOSCD. 


FLvWHEfL  TIMING  MASK  ON  27*>  ITC 


Figure  45.     Infection  Pump  Installation  LDS-465-1  Multlfuel  Engine. 
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Figure  46.     Left  Side  View  of  Installed  Engine  M35E7  Cargo  Truck. 
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Figure  47.    RigWt  Side  View  of  Engine  Compartment  Truck,  Cargo.  2-1/2  Ton.  6x6  M35E7. 


Ait  Induction  W  ExhaudC  '*y.stem  (Turbocharger) 

The  turbocharger  increases  the  velocity  dnd  pr^sure  of  the  intake  air, 
forcing  a  greater  quantitv  of  air  into  the  combustion  chambers  than  is  npmally 
obtained 'on  a  nkurally  aspirate^,  or  nbnsupercharged  engine.    Air  f rom^  the  turbo- 
charger is  inducted  into  s  jacketed. . runner- type  intake  manifold.  Engine 
coolant,  circulated  through  the  jacket,  transfers  heat  to  the  induction  air  to 
improve  cold  weather  combustion  characteristics  of  the  engine. 

The  turbocharger  is  essentially  an  exhaust-gas  driven  blower  which  utilises 
Che  kinetic  energy  usually  lost  in  the  exhaust  gases  to  compress  air  into  the 
cylinders.     The  exhaust  gases  from  the  engine  enter  the  turbocharger  and  are 
forced  around  the  turbine  housing,  radially  inward,  through  a  nozzle  ring.  Tne 
exhaust  gases  drive  the  turbine  wheel  which  in  turn  drives  the  compressor  wheel. 
Induction  air  enters  at  th«  center  of  the  compressor  wheel  and  flows  radially  , 
outward  through  a  diffuser  section  into  the  compressor  housing,     "n^e  air  then 
leaves  througn  a  tangential  outlet  on  the  oucside  of  the  compressor  housing  and 
enters  the  intake  manifold.    The  exiiaust  gases  are  expelled  from  the  turbo- 
charger into  the  vehicle  exhaust  system. 

Crankcase  Oil  Filler  and  Crankcase  Breath'^r  '  * 

r.ie  engine  has  an  oil  filter  cap  in  the  front  cylinder  head  cover  for  adding 

oil  to  the  engine.     The  oil  level  gauge  is  located  at  the  right  rear  of  the 

engine.     The  crankcase  breather  adapter  is  located  on  top  of,  and  connected 

ber-zeeri,  the  front  and  rear  cylinder  head  covers.  The  crankcase  breather  tube 
is  open  to  the  atmosphere. 

Coolant  Temperature  Sending  Unit  ^ 

The  coolant  temperature  sending  unit  is  located  in  the  front  end  of  the  intake 
manifold  above  the  generator.     This  unit  transmits  an  electrical  interpretation 
of  engine  coolant  temperature  tc   the  tccperature  cape  on  the  vehicle  instrument 
panel . 

Field      in ten ance -Multi fuel  tngines 

Figures  37  through  47  are  to  be  used  as  .m  a:d  to  instruction  throughout 
the  course.     These  illustrations  pertain  to  ti.e    Hiitifuel  engines  LDS  427-:, 
LD  465-1,  and  LDS  465-1.     The  instructor  will  explain  these  illustrations  anc. 
he    thev  are  to  be  used  during  the  rour'^e . 
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G*n«rai  VehicU  Branch  3ABRA7330-SG-703 
Chanuf  APB.  liliuwls  ,     3A2R47 350-5-50-102 

PRINCIPLES  OF  REFRIGERATION  AND  AIR  CONDITIONING  ,  . 
OBJECTIVES  ,  , 

Aft«r  compietlng  this  ^f^^^f^fff^jf^^^ ^^^^^J'^^  ^^^^^ 
lascruction,  rafer  to»  fi|rtBA^Htf"*KSKaa««i*i-**ad«fi^^ 

and  Air  Condicloning.  you  will  be  abla  to: 

1.  Discuss  the  principles  of  a  basic  refrigeration  system. 

2.  Discuss  the  principles  of  measurement  and  transfer  of 

heat. 

3.  Explain-tTie  term  "refrigerant." 

A.  Describe  the  characteristics  of  a  refrigerant. 

5.      Describe  the  safety  precautions  to  be  observed  when 
handling  a  refrigerant. 

INTRODUeTION 

The  increasing  demand  for  a  higher  standard  of  living 
chroughout  the  world  is  creating  a  greater  necessity  for 
refrigeration.    Twenty  years  ago,  a  central  air  conditioned 
home  or  an  automobile  with  air  conditioning  was  a  very 
expensive  luxury.    This  increasing  requirement  for  refrigeration 
has  created  a  need  for  refrigeration  specialists  which  is  not 
being  fulfilled.    Every  refrigeration  unit  (whether  it  is  a 
common  household  refrigerator,  a  window  air  conditioner,  or  a 
large,  complex  air  conditioner  which  is  used  co  cool  a  high- 
rise)  uses  the  same  pirinci'ples  of  operation.    You  will  be 
introduced  to  the  terms  and  principles  of  a  refrigeration  unit 
in  this  text.     In  studying  refrigeration,  first,  it  is  import- 
ant to  master. the  fundamental  principles.    Much  of  this  basic 
T.at:erial  will  be  a  review  of  ^shysics  and  chemistry  for  those 
who  have  studied  these  subjects. 


INFORMATION 


BASIC  REFRIGERATION 


Mechanical  refrigeration  is  used  for  domestic  refrigeration, 
commercial  refrigeration,  air  conditioning  (comfort  cooling), 
dehijttidify'ing.  food  freezing,  cooling  in  manufacturing  processes, 
and  numerous  othe^r  applications.    Correctly •  used .  the  term  "air 
conditioning"  means  controlling  the  temperature,  circulation, 
humidity,*  and  purity  of  the  air.    A  system  which-  performs  only 
one  or  two  functions,  but  not  ail  of  them,  is  not  technically 
considered  a  complete  air  conditioning  system.    However,  by 
popular  usage,  these  cooling  units  are  still  commonly  referred 
to  as  air  conditioners. 


i  r  s  o  r  e  G 


How  a  Mechanical  Refrigerator  Woi'ks   ,  . 

in  order  co  understand  the  operation  of  ^the  mechanical 
::etrigeratar,  it  is  iiqportant  to  understand  the  physical 
and  thermal  properties  of  mechanisms  and  substances  ised  to 
extract  heat,    -c^  brief  ^t^dy  of  the  elenencar/  physics  involved 
.*is  provided  in  this  text,  in  order  that  all  explanations  may 
be  rzade  clear. 

The  operation  of  a  modern  mechanical  refrigerator  (removing 
heat  from  inside  the  refrigerator)  might  be  compared  to,  removing 
-water  rrcm  inside  a  leaking  canoe.     In  reaovit^g  water  from  a 
Canoe,  a  sponge  is  used  to  soak  up  the  water.    The  sponge  is 
held  cveA  the  side,  squeezed,  and  the  water  is  drained  into  the 
laKe  or  river.    Th§  operation  may  be  repeated  as  often  as  is 
necessary.     In  thil  operation,  water  is  transferred  from  inside 
._jr.^e  hack  into  the  lake. 

In  a  refrigerator,  heat  is  transferred  instead  of  water, 
r.oct  ceaks  into  a  refrigerator  through  the  insulation  and  enters 
-  -.en  tne  door        opened.     Inside  the  refrigerator,  heat  is 

,  "soaked  up,"  by  the  liquid  refrigerant  in  the  cooling 
, _ . aporator) .     The  refrigerant,  in  absorbing  heat,  changes 
a  liquid  to  a  gas.   'After  the  refrigerant  has  absorbed 
^nd  turned  into  a  gas,   it  is  pumped  outside  the  refrigerator, 
i:,  ther.  compressed  and  the  heat  is  "squeezed  out"  by  being 
i/D-e^ted  to  high  pressure,  and'  cooled  in  the  condenser.  The 
crr:.ierant  continues  to  flow  through  the  refrigerating  cycle, 
-bcrbing  heat  inside  the  refrigerator  and  releasing  it  outside 
rerrigeratcr,  jntil  the  desired  refrigerating  temperature 
rtiac::ed,  then  the  cycle  stops.     Heat  is  not  destroyed  to  tr.ar-e 
reir  Iterator  cold;' it  is  simply  removed  from  the  refrigerated 
c  cno  reit.ioed  outside  the  cabinet. 

...e  n^ve  seen  in  thti  refrigerator  that  heat  is  absorbed  and 
-r.ec  awav  b'-  a  liquid  that  evaporates  into  a  gas.    Tou  can 
.  principle  bv  wetting  one  fin^-r  wiLh  your  tongue  and 

:.cvi;:g  uir  .rotib  finger.     Vou  snouid  f^sel  tne  coolness  t.'.at 

•  ^r  It   is  evaporation,   the  liquid  being  trans forr-ed 

;as.     As  the  liquid  is  being  trarsfomed  into  gas,  it 
^^^.at  in  the  process'.     If  you  tr.ed  the  same  experiment 
r;t7.'aioiine  or  rubbing  alcohol,   it  would  feel  Tr.uch  colder. 
Ihii,  Is  because  gasoline  and  alcohol  evaporate  at  rr.uch  lower 
temperatures  Lhan  does  water.     The  evaporation  is  also  much  zoz^ 
rap^a,  so  Lhe.heat  is  extracted  faster  and  it  seems  cooler.  In 
a^r  conditioning  ur^^  or  refrigeration  .apparatus,  the  liquid 
used  for  cooling  is  called  a  "refrigerant,"  and  will  be  cascussed 
m  -ore  de^''ail  later  •  in  this  text. 

P'-ess-:'e  "^er.perature  Relationship 

^  :.avfc  learned  that  an  evaporating  liquid  causes  a  cooim?. 


ever  11 

fe- 


at 


effect  and  that  this  principle  is  used  in  refrigerat 
is  rerrigeration?     Sy  definition,  refrigeration  is  the  removal 
and  tr.ins:ar  of  heat  from  a  body-Cr  substance.     We  nust  remove 


-and  trans  f  ar  aom«  of  th«  H«£t  that  a  subs  cane*  contains  In  order 
to  lowar  its  ttmperatura.    Usat  only  trwisfars  fron  lone  substance 
to  another  when  thers^  ts  a.  temperature  difference  between  the 
two  substances.    It  transfers  from  the  substance  of  higher 
temperature  to  the  substance  of  ^ower  teaperat^ure .    Figure  48 
shows  a  container  of  refrigerant  -12  evaporatflng  at  ataosphertc 
pressure.    Notice  chat  beat  ii  transferring  from  the  substance 
a(  a  higher  temper^ure  to  the  substance"  at,  a  lower  temperature. 
The  rate  of  heat  tJBsfer  (denoted  by  arrows)  is  greater  from 
Che  water  to  tthe  refrigerant  than  from  the  ice  to  th«  refriger- 
ant.   The  rate  of  heat  transfer  always  increases  as  the 
ceaperac^^re  difference  between  two  substAaces  increases. 


WATER 
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Si  jure  4c.    Heat  Trccnsfer. 

t' 

Ir.  figure  48,  we  see  heat  transferring  from  the  water  to 
z:\e  refrigerant.     As  the  heat  transfers,  the  temperature  of 
the  wacer  decreases.    Will  the  temperature  of  the  evaporating 
refrigerant  increase?     The  answer  to  this  question  is  "NO." 
The  cemperature  of  the  evaporacing  r^frigeranc  will  remain  at 
-22"?.     The  fact  that  an  evaporatiiig  liquid  can  absorb  heat  .^id 
not  increase  in  temperature,  is  very  important  in  a  refrigeration 
-system.    This  is  a  characteristic  of  all  liquids."    Water,  one 
cf  phe  most  common  liquids,  will  serve  to ^lllufftrate^ this  point. 
A  thermometer  immersed  in  water  indicates 'an  incrWs^  in  tempera- 
ture until  the  water  begins  to  boil,  figure  4^.    Notice  that  once 
the -^er  reaches  the  boiling  point',  figure  49B,  the  thermometer 
no* iong\r  indicates  a  temperature  cEange.     Increasing  the  flame, 
figure  ASCr-  has  no  effect  on  the  temperature.  '  The  water  boils 
(absorbs  heat)  a%  a  faster  rate,  bat  the  temperature  remains 
constant.    The  conclusion  can  be  drawn  that -as  a  liquid  evaporates 
at  a  constant  temperature,  the  thermal  energy  involved  in  the 
}>roce8s  is  called  latent  (hidden)  heat."  Anot^r  very  important 
characteristic  of  all  liquids  may  be  equally  well  demonstrated 
with  water.    It-  is  an  established  fact  that  water  will  boil  ^t 
2l2''F'at  an  atmospheric  pressure  of  14.7  psia.     If  the  pressure 
water  is . decreased ,  the  boiling  point  is  lowered.    If  pressure 
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Is  increased  (pressui'e  cooker),  the  boiiliig  point  is  raised.. 
-  For  Axample,  water  under  e  vacuum  of  19  inches- df  .oerAury  will 

boil*  at  165**F.    Ac  10  psig,  the  temperature  must  be  raised  to 

^UQ^*T  before  boiling  begihs .    This  holds  tr^ie  for  ail  liquids. 

aIs  pressure  iabreases,         boilihg  polpt  increases;  and,  as ^ 
fijl^essure  decreases, 'the  boiling  poi-nt  d,ecreases. 


212^  F 


■ '     1^  T' 


Figure  50  shows  part  of  a  pressure .  temperature  chart..  At 
.571  'psig.  Freon  12  boils  at-20°F.     T^is  temperature  is^auah  too 
low  for  air  conditioning,  but>-by  raisihg  to  pressure  40.7  psi§, 
the  refrigerant  boiling  point  is^raised  to  44^F.    Thus,  witlS  .  ^ 
every  pressure  change,'  there  will  be  a  change,  in  boiling 'point . 
If  the  pressure  is  held  constant,  *Che  boiling  point,  remain^ 
constant."   Many  ot  the  controls  in  a  refrigeration  system  are 
designed  to  control  the  evaporation  pressure  in  the  system  and 
thereby,  control  Che  temperature  of . the' refrigerant .  Another 
important  fact  is  that  heat  transfer .increases  as  the  boiling 
point  of  the  refrigerant  decreases;  thus,  heat  removal  is  more 
rapid  from  substances  surroundiag  the  refrigerants    In  figure^H, 
a  refrigerant  under  a  low  pressure  i4  boilihg  off  at  a  low 
temperature  in  the  coding  coil*.     Ambient  (surroShding)  air 
is  blown  across  the  cold  coils/    The  teitperature  of  -the  air 
decreases  as  heat  transfers  t</  the  cold  coils.    The  temperauture 
of  the  coil  does  not  increase/ because,  the  heat  absorbec  by  the 
refrigerant  causes  the  liquicf  refrigerant  to  become  a  gas 
(latent  heat).    As  the  liquid  boils  off.  ,:nore  liquid  is  added  , 
to  the  coils.    If  the  temperature  of  the  coils  is  lowered,  the 
rate  of  heat  transfer  increases.    The  temperature  of  the  air 
across  the  coils  decreases  as  the  temperature  of  the  r^efrigerant 
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and  th«  colla  dAcr««»«,    Any  schat^t.in  prwiur*  on  th*      ^       '  ^ 
refrig«rant  In- the  coils  always  results  In  a  changa  in  tha  boiling 
point  of  ^ha.rafrigarant.    This  principia  is  usad  to. control  tha 
temperature  of  the  tair  that  is  being  cooled.    If  the  priaasure  in 
the  coils  is  raised,  tha  ijimparatura  of  tha  boUing  refrigerant 
increases  >  and  the  tettp^rature  of  the  air  that  ia  be^  cooled - 


also  increases. 
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'     If^th«  ataio»ph«r«  surrounding  us  coutaia.«<i  only  dry  air,  the 
^ob  of  cooling  would  be  aasy.    However,  sin^ie  the  air  dontains 
various  amounts  of  moisture.'  refrigeration  equipment  must  be 
designed  to  compensate  for  the  effects  of  this  moisture.  Under 
Che  conditions  of  hig^  humidity,  a">%^igeration  system  must  work 
harder  to  cool  the  air  to  a  desired  temperature.    Figure  52  shows 
the  effects  that- humidity  (moisture  in  the  air)  has  on  a^ typical 
air  conditioner.    Note  that  at  a  relative  humidity  of  54%,  the 
unit  is  capable  of  cooling  75  pounds  per  minute  (ppm)  of  lOO'F 
air  to  50*F.    When  the  relative  humidity  drops  to  34%.  the  unit 
is  capable  of  cooling  100  pounds  per  minute  of  lOO'F  air  to  45  F. 
As  a  repairman,  you  should  be  aware  of  the  fact  that  as  humidity 
increases,  the  load  on  th,e  air  conditioner  increases.  H'jmidity 
can  increase  to  a  point  where  an  air  conditioner  i»  not  capable 
of  cooling  the  full  airflow  to  Che  desired  air  tetnperauure.  The 
technical  order  for  many  air  conditioriers  has  a  chart  similar 
to  the  one  in  figure  52.     From  this  chart,  you  can  determine  what 
a  unit  is  capable  of  cooling  underWarious  conditions. 


Relative 
Humidity 


54% 


3/  ' 


8": 


Airflow 
7  5  ppm 

100  ppta 
80  ppra 


Ambient 
Temperature 

100^? 
12  5"F 


Discharge  Ai 
Teroperature 

50°F 


4  5°  F 


The  amount  of  heat  that  an  air  conditioner  is  capable  of 
removing  is  expressed  in  British  ther:aai  units  (3TU)  .    A  therao:::-. 
eter  indicates  the  degree  or  intensity  of  heat  in  a  substance,  ■- 
It  cannot  be  used  to  -measure  the  amount       heat  that  a  substance 
contains.    As  shown  in  figure  53,  a  one  gallon  container  of  water 
could  be  at  the  same  temperature  as  a- ten  gallon  container,  but 
chey>  would  obviously  contain  a  different  amount  of  heat.  The 
BTU  is  usei  as  the  unit  measurement  for  amounts 'of  heat.    A  BTU 
is  defined  as  the  amount  of  heat  required  to" raise  the  temperature 
of  one  pound  of  water         degree -Fahrenheit .    Water  is  assigned^ 
a  specific  heat  value  ot  1.00  ao<f'is  used  as  the  standard  of  all 
substances'.  *  A  sub st^ce"  assigned  a  specif  ic,  heat  value  of  .5 
'means  that  1/2  BTU  is  required  to  taise  a  poand  of  that  substance 
ond  degree  Fahrenheit'  (F)  .    Air  .has  a  specific-  heat  rating  of 

24'     This  means  that  for  each  degree  of  temperature  change  in, 
one  pound- of  air,  then  .24  of  a  BTU  of  heat  will  be  removed. 
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J'i^'Tuyc  52.     Terrverature . 

4 

The  air  conditioner,  shown 'in  figure  54,  is  a  two-ton  unit* 
This  does  not  refer  to  the  weight  of  the  unit,  but  to  the 
amount  of  heat  which  the  unit  is  capable  of  removing.    In  the 
previous  paragc^^il,  we  said  that  the  amount  ,of -heat  is.  measured 
in  BTUs.    To  distinguish  between  the  different  cooling  capaciti%8 
of  units,  tons  or  ^tUs  are  used  for  eating.    This  measuring 
system  is  based  on  one  ton  of  32°F  ice  melting  in  a  2i-hour 
period.     One  ton  cS  32*F  ice  will  absorb  288^00  BTUs  in  the 
process  of  melting/   Therefore,  .*iny  unit  capable  of  removing  _  - 
288,000  BTUs  in  24yhours  is  a  one- ton  unit.    A  unit  capable  of 
removing  three  timeS  this  much  heat  in/ a  24-hour  period,  is  a 
three-ton  unit.    As  you  can  readily  see,  to  express  this  figure 
in  BTUs  per  24  hours,  would  require  quite  a  large"  number.  To 
reduce  the  number  used*  it  is  normally  expressed  in  BTUk  per 
hour  or  Just  simply  in  t9ns .    For  example:     If  a  unit  removes 
12,000,  BTUs  per  hour,  this  would  be  equivalent  to  288,000  BTUs  in 
24 'hours;  12,000  BTUs  x  24  -  288,000  BTUs;  24  hours  -  1  ton. 
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Refrigerants    ,  , 

there  are  aany  different  types  of  refrigerants.    Three  of 
the  more  popular  refrigteranta  are  liatad  in  figure  55.  The 
refrigerant  most  comiaoniy  used  in  air  conditioning  systems  is 
refrigerant  R-12.    It  has  very  desirable  operating  pressures,  and 
the  boiling  point,  where  it  changes  fron  a  liquid  to  a  gas  Is 
*F  below  zero. 


.21. 


Refrigerant 
Trichloromonofluorome thane  (R-li) 


'vaporating 

■  emperature  (1-^.7  psla) 
75^F 


Dichiorodif luo r one thane   CR-i^ ) 


Menochlcrodi  flue  rone  thane  (Rr->,' 


Fiaure  55.  r.i=frigerants. 

Refrigerant  R-12  is  nonexplosive ,  nonf lanaable,  noncorrasive , 
operates  on  a  low  to  moderate  pressure,  ha^  a  low  boiling  point, 
low  condensing  pressure  and  temperature,  and  is  noninjurious 
to  lubricating  oU  which  are  all  good  characteristics  of  a 
refrigerant.    Although  it  is  considered  a  safe  refrigerant  and 
is  heavier  than  air;  certain  precautions  must  be  observed  to 
protect  the  parts  of  the  system  and  the  person  who  is  working 
with  it. 

Liquid  refrigerant  R-12,  at  normal  atmospheric  pressiares  and 
temperatures,  evaporates  so  quickly  that  it  tends  to  freeze 
anything  it  contacts.    For  this  reason,  extreme  care  must  be 
-aken  to  prevent  any  liquid  refrigerant  fron  coming  in  contact 
with  the  akin,  and  aspecially  with  the  eyes.    To  avoid  a 
dangerous  explosion,  from  the  buildup  of  extreme  pressures  in  a 
sealed  svstem,  never  weld,  solder,  or  us^  any  excessive  amount  o. 
hea^  on- any  part  of  the  system  while  it, is  charged  with  refrigerant 

Although  refrigerant  R-12  gas,  under  nonual  conditions,  is 
nonpoisonous,  the  discharge  of  it  near  any  open  flame  can  produce 
very  poisonous  fumes.'  These  poisonous  fumes  are  generated  in 
small  quantities  when  the  flaoe-type  leak  detector  is  used. 
Avoid  inhaling  the  fumes  from  the  leak  detector,  and  always 
have  plenty,  of  ventilation  when  working  with  the  refrigerant. 
Goggles  should  also  be  worn  when  opening  cylinders  or  a 
refrigerant  system  to  prevent  a  spray  of  extremely  low  tempera- 
ture refrigerant  from  injuring  the  eyes. 
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Thft  rttfrigcrant  la  ahlpptd  and  ttorsd  in  a  cylindtr,  shown 
m  figure  56.    Do  not  ator*  th«st  cyllndara  In  t«apar*tutT«  above 
125'F  aa  tha  refrigarant  la  undar  praaaura,  and  tha  praaaura 
incraaaaa  aa  tha  tanparatura  surrounding  tha  cylinder  Incraaaaa . 
Thia  will  cauaa  tha  liquid  rafrigarant  to  start  boi^Ag,  raaultlng 
in  more  presaure  in  the  cylinder.    Each  cylinder  ha/a  fuaible 
plug  (safety  device)  which  will  melt  if  the  tempe^ture  should 
go  to  high.   j[ 


figure  B6.    Ref-H^eranz  Storage  Culindsrs. 

79 


0  0 


A  liquld-vApoir  v«lv«,  shown  in  figure  57 »  is  mountttd  on  top 
of  the  cylinder.    The  velve  is  used  tovrenove  either  liquid  or 
gaseous  refrigerant  from  the  cylinder.    A  hose  c*n  be  connected 
from  the  valve  to  a  refrigerant  system  to  transfer  refrigerant 
when  charging. 
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QUESTIONS  ■  , 

1.  Am  «  liquid  changes  to  A  gM.  it 
/  *.     (UcrsMfts  in  t«n|»*rature. 

b.  abtorbft  heat. 

c.  increases  in  temperature* 

d.  reduces  pressure. 

2.  Of  the  following  statements,  which  one  is  FALSE"? 

a.  All  liquids  «vaporate  at  the  same  temperature. 

b.  AS  a  liquid  tvaporates,  it  absorbs  heat. 

c.  Some  liquids  avaporate  at  a  much  lower  temperature. 

d.  As  a  liquid  evaporates,  it  changes  to  a  gas. 

3.  Refrigeration  is  the  process  of 

a.  adding  heat. 

b.  destroying  heat. 

c.  transferring  heat. 

d.  putting  in  cold. 

4.  Heat  always  transfers  froiD 

a.  hot  to  cold» 

b.  gas  to  liquid. 

c.  liquid  to  gas  . 

d.  cold  to  hot, 

5.  There  will  be  no  transfer  of  heat  between  two  substances 
when  they  are  at' the  same 

a.  temperature. 

b.  dtate. 

c.  pressure. 

d .  volume . 
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TRUE  OR  FALSE 

6.  A  th«raiom«ter  indicates  the  intensicy  of  heat  in  a 
subscanca  in  3IU9« 

7.  The  amount  of  heat  in  a  substance  is  stated  in 
degrees* 

3.'  '  The  heat  load  on  an  air  conditioner  increases  as 
the  humidity  increases « 

9.      The  cooling  capacity  (amount  of  heat  capable  oi 
removing)  of  an  air  conditioner  is  expressed  in  tons, 

10,  The  liquid  used  for  absorbing  heat  in  an  air  condi- 
tioner is  called  the  refrigerant* 

11,  The  liquid  used  to  absorb  heat  should  have  a  high 
boiling  temperature. 

12.  The  boiling  temperature  of  refrigerant  is  determined 
by  controlling  the  pressure  on  the  refrigerant. 

COMPLETE  THE  FOLLOWING:  ' 

13.  If  pressure  is  reduced  on  a  boiling  refrigerant,  its 
boiling  temperature  will   • 

14*      As  the  boiling  temperature  of  a  refrigerant  is  lowered, 
the  rate  of  heat  transferring  to  the  refrigerant  will   . 

15.  In  a  refrigeration  system*  refrigerant  in  the  cooling 
coils  boils  at  a  low  temperature  under  a   Pressure 

16.  When  air  is  blown  across  the  cooling  coils,  the  rate 
of  heat  transfer  from  the  air  to  refrigerant  increases  as  the 
  of  the  refrigerant  decreases. 

17..      The  temperature  of  a  boiling  refrigerant  remains  the 
same  as^  long  as  •  the  ,   on  it  is  constant* 

REFERENCES 
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G«fi«rAi  Vthiei*  ira^oh  :3AW73iO-SG-704 
Chanuctt  AF»,  UilacU  3A2a47350.5-S-C-l03 

CONSTRUCTION  AND  OPERATION  OF  AIR  CONDITIONING  COMPONENTS 

OBJECTIVES  .  ^^r^q 


Aft«r  complAting  chli  acudy  guld«,  f 
M«Qu«l,  CtiaiiifciL  Ui»-Hn  iwi  Coadltlonlftg* 
and  your  clAsaroon  instruction,  you  will  hm.  «blo  to: 

1.  Idancify  and  locat*  air  conditioning  systoffl  conpononts. 

2.  Daacriba  the  construction  and  oparational  charactaris- 
cica  of  tha  air  conditioning  ayatam  componants* 

3.  Partially  disaaaanbla,  inspect,  and  raaasambla  tha 
air  conditioning  compraaaor. 

A.     Apply  appllcabla  aafaty  precautions. 

INTRODUCTION 

Wa  ara  new  goingf  to  discuaa  what  malcaa  tha  typical  air 
conditioning  aystam  operate.  Wa  will  trace  the  refrigerant 
flow  in  the  ayatem,  and  aee  where  and  how  a  change  of  atate 

&ccura  on  the  refrigerant.    A  firm  understanding  of  this  informa- 
tion la  a  must  to  effectively  troubleahoot  the  ayatem.  This 
infonnation  is  applicable  to  all  air  conditioning  systems  from 
Che  simplest  refrigeration  system  to  the  moat  complex  system 
used  to  cool  the  modern  high-rise  or  office  building.    To  ease 
the  learning  situation,  we  will  base  our  discussion  around  the 
simple  air  conditioning  system. 


INFORMATION 


REFRIGERANT  FLOW 


The  condition  of  the  refrigerant  as  it  passes  through- 
the  system  Is  divided  Into  four  phases;  these  are  HPL  (high 
pressure  liquid),  LPL  (low  pressure  liquid),  LPG  (low  pressure 
gas),  and  HPG  (high  pressure  gas).    We  will  be  using  these 
cerms  throughout  our  discussion  of  the  air  conditioning  system. 

Typical  Refrigeration  Cycle  Components 

RECEI'/ER-DHIER.    This  unit  performs  two  functions  in  the 
car  air  conditioning  system.    The  receiver  is  the  storage  tank 
for  the  liquid  refrigerant  that  is  necessary  for  proper  operation 
of  the  air  conditioning  system.    Tha  drier  collects  small 
particles  of  moisture  that  may  have  entered  the  system.  The 
receiver-drier  is  located  In  the  line  between  the  outlet  of  the 
condenser  and  the  inlet  of  the  expansion  valve.    A  sight  glass 
is  usually  located  in  the  liquid  outlet  line  of  the  receiver- 
drier,  ^e  refrigerant  In  the  receiver-drier  is  80%  HPL  and  20% 
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. '  '  HPa.,    This  la  ff^cMsary  to  *Uow  for  txpan«ion  of  th*  r«frig«r«nt  , 
du«  to     ^•ratur*  changM .    A  jiick-up  tub*  or  dip  tub«  it 
iMtalltfd  itt  th«  rac«iv«r-drier  and  axcands^down  coward  the  bottom 
of  ijha  rkcaivar-driar .    Xha  iowar  end  of  the)  tuba  haa  a  strAlncr 
attached,  wheraaa  tha  uppar,«r.d  of  tha  tMbe'ls  attached  to  the 
outiat  of  tha  racaivar-driar.    Tha  pire€-ujf  or  dip  tuba  aasurea 
that  only  HfL  ia  allowed  to  leava  tha  receivar-driar .    A  fuaabla 
plug  ia  inatallad  in  the  racaiver-drier  as  a  safety  device  and  • 
aervea  tha  same  purpoae  aa  tha  fuaable  plug  in  the  refrigerant 
cylinder.    The  receiver-driers  may  be  mounted  either  horizontally 
or  vertically  ar»d  are  shown  in  tij-xv  58. 
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EXP^SIGU  VALVK.  ^Th«  systAb  oust  h«v«  «  rtducing  d«vlc« 
to  throttl*  th«  high  p?M«ur«  liquid  ri£rig«ranc  to  Aow  prMfur* 
liquid  r«£rig«r«at.    The  d«vlc)i  ua«d  la  th«  th«taostAtlc 
ttxpaaaioa  v«iv«.    Thi«  control  rMpon^l*  to  th«  t«ttp«r«tur«  of 
th«  «vaper*cov  outl^c  m  w«11  m  thA  lov  sld*  (suction) 
pTMSuro.    In  op«ratioA,  th«  tttnaing  bulb  ••nt««  thk  tftnpi^ratur« 
of  th«  rA£rig«r«at* it  l««v««  th«  •v«porAtor.    If  the  rtffig«rant 
•uction  lin«  i»  quit*  vm\  th«  captiv*  ch*rg«  of  tafrigaraat  in 
th«  sanaing  bulb  axpanda»  forcing  pcassura  on  tha  valva  hallows 
tt  diaphragm,  whichavar  typa  i«  utad.    Tha  valva  optna  wicar 
and  allows  mora  rafi:tgarant  to  ancar  tha  avaporator.    As  the 
refrigarant  auction  lina  bacomaa  coolar,  the  captive  charge  of 
refrigerant  in^'the  aenaing  biilb  will  contract  and  the  expansion 
valve  will  cloae  accordingly,  decreasing  the  amount  of  refrigerant 
CO  the  evaporator. 


have  a  praaaure  equalizer  line  from  the  valve  body  to  the  outlet 
of  the  evaporator.    The  equalizer  ia  needed  because  the  evaporator 
coil  haa  enough  pressure  drop  to  make  it  neceaaary  to  uae  the 
■outlet  evaporator  preaaure.    thia  preaaure  ia  used  only  to. 
push  against  the. low  side  facing  of  the  diaphragm  for  accurate, 
conaiacent  operation. 

The  capacity  of  this  valve  (orifice  aize)  must  match  the 
capaci-^y  of  the  unit.    A  valve  that  is  too  amail  will  reduce  - 
the  capacity  ssf  ,the  unit,  while  a  valve  that  is  too  large  will 
"hunt"  or  alternately  flood  and  starve  the  evaporator  of  liquid 
refrigerant.  ' 

The  expansion  valye^  is  a  very  reliable  part.    It  is  usually 
the  last  part  to  function  improperly  or  need  replacement.  If 
a  valve  ia  faulty,  it  has  probably  lost  its  captive  charge  of 
refrigerants    TlJe  valve  cannot  be  recharged  with  the  average 
mechanical  equipment  used  by  most  service  men  in  the  field. 
Some  units  do  "have  a  replaceable  power  unit,  otherwise  the  valve 
is  considered  a  replaceable  item  rather  than  reparable. 

\  •       The  valve  is  located  on  th«  inlet  to  the  evaporatah:.  It 
is  usually  covered  with  tape  ^.nsulation  to  permit  it  to  operate 
wi-thout  engine  compartment  heat  affecting  it. 

A'' bellows  type  expanaion  valve,  a  diaphragm  type  (without 
the  equalizer  line),  and  a  diaphragm  type  (with  the  equalizer 
line),  are  ahown  in  figurea  59,  60,.  and  61. 
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Figura  61.    B^lloLie  Type  Expaneion  Valve, 

ST/AFORATOR,    Th«  evaporator  can  ba  coosidarad  tha  cooling 
unit  of  tha  air  conditioning  syatam.    Low  praasura  liquid 
refrigerant  is  metered  into  tha  evaporator  coils  through  the 
inlet  (figure  62).    Tha  refrigerant  bolls  at  a" very  low  temp- 
erature as  it  flows  through  the  evaporator  coils.  Filtered 
air  is  forced  by  a  blower  across  th^  evaporator  coils.  The 
air  passing  across  the  evaporator  ia  cooled  when  the  heat 
transfers  from  the  warm  ambient  air  to  tha  rafrigerant.  The 
evaporator  does  not  make  cold  air.    Instead,  it  takes  the  heat 
out  of  tha  air  to  lower  the  air  temperature  in  tha  air  condi- 
tioning area.    Tha  temperature  of  the  rafrigerant  does  not 
increase,  as  the  liquid  vaporizes.    Latent  haat  is  being 
absorbed  to  superheat  the  refrigerant*    The  temp^atura  of 
the  boiling  refrigerant  only  cljanges  If  thf  evapbrator  pressure 
is  changed.    The  refrigerant  leaves  the  evaporator  through  the 
outlet  as  a  low  pressure  gas.    Tha  refrigerant  should  be  com- 
pletely vaporized  when  it  leaves  tha  evaporator. 

The  evaporator  coils  are  usually  mounted  in  a  plenum 
chamber  attached  to  the  engine  compartment,  fire  wall,  or  ^ 
dashboard.    The  evaporating  coii  i^  of  tha  finned,  forced 
convection  type.    A  moisture  drain  pan  and  drainpipe  must 
also  be  incorporated  in  the  unit  to  carry  away  moisture  that 
has  been  extracted  from  the  air  during  the  conditioning 
process . 

C^4PRESSQR,    The  compressor  tan  be  considered  tha  heart 
of  tha  «.r  conditioning  system.    In  operation,  it  pumps  and 
circulates  the  refrigerant  through  the  system.  Technically, 
'   the  function  of  the  compressor  is  to  raise  the'  low  pressure, 
low  temperature  gas,  to  a  high  pressure,  high  temperature,  gas. 
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Actually,  tha  vapor  coming  out  of  tha  avap9ij[r«tor  Is  vary 
cold.    Wa  know  cha  liquid  raftlgerant  bolla  at  tMparat^jirea 
con^ldarably  balow  ^fraazlng  and  that  tha  vapors  ^rlslrijf >coa  Ic 
ara  only  a  «ha4a  wamar  avan  chough  thay  do  contain  quant icies 
of  haat.    Con«aquantly»  wa  can't  axpact  to  ramova  haai  from 
aubfraazlng  v^rs  by  ''cooling"  thaa  In  #lr  taaparaturaa  that-^ 
usually  ranga  from  60.*F  to  lOO^F.    In  othar  words,  haat  will 
not  flow  from  a  cold  objact  co  a  wamiar  pna. 

Buc^  with  rl^e  comprassort  wa  can  squaaxe  ,tha  haat-laden 
vapor  into  a  soaliar  apaca.    An4f>  whan  wa  comprasa  tha  vapory 
wa  also  concantrata  rha  h«at  it  contalnaa    In  this  way,  wa 
can  Eoaka  tha  vapor  hottar  without  adding  any  haat*    Than  wa  can 
cool  it  in  comparatively  warm  air.    That  is  tha  only  rasponsi- 
bility  o£  a  compraaaor  in  an  air  conditioning  systam«    It  is 
not  intendad  to  ba  a  p\imp  just  for  circulating  tha  r'^frigerant « 
Rathar,  *its  Jab  is  to  axart  jp^assure  for  two  raaaons*  Prassuie 
makas  tha  vapor  hot  anou^  to  cool  off  in  tha  warm  air.    At  tha 
same  tima,  the  compressor  raises  the  refrigerant *s  pressure  aba 
tha  condensing  point  at  tha  temperature  of  the  surrounding  air 
so  it  will  condense. 

As  the  refrigerant  leaves  tha  compressor,  it  is  stii^  a 
vapor  although  it  is  quite  hot  and  ready  to  give  up  its  heat. 
One  of  the  easiest  ways  to  help  refrigerant  vapor  discharge 
its  heat  is  to  send  it  through  a  radiator-li^te  component  known 
as  a  condenser.  ^ 

The  compressor  is  driven  through  a  magnetic  clutch,  which 
In  turn,  is  driven  by  tha  engine.    The  comvresaor  operates  at 
slightly  above  engine  rpm* 

There  are  two  types  o£  compressors  in  geiil^al  use  today. 
They  are  tha  reciprocating  and  swash  plate.    The  reciprocating 
compressor,  which  was  first  used  and  is  s^-ill  popular  today,  is 
illustrated  in  figures  63  and  64.    It  can    e  mounted  either 
vertically  04, horizontally  and  are  in-line  or  V  models.  The 
sWash  plate  compressor,  which  has  been  developed  by  General 
Motors  Corporation  is  illustrated  in  figure  65. 

CC:JDE.VSER.     The  condenser  is  the  component  of  the  air 
conditioning  system  that  removes  the  heat  from  the  refrigerant 
and  dissipates  it  into  the  outside  air«    When  tha  heat  is 
removed  from  the  refrigerant,  the  refrigerant  becomes  cooler 
and  condenses  from  a  high  pressure  gas  to  a  low  pressure  gas. 

The  condenaer  is  usually  mounted  In  front  of  the  car 
radiator.    On  some  Independent  units,  the  condenser  is  mounted 
back  o£  the  radiator.    It  is  firmly  fastened  to  the  radiator 
shelj..    Air  going  through*  the  radiator  and  into  the  engine 
compartment  usually  goes  through  the  condenser  first.     In  most 
instaliatian«,  the^fan  that  cools  the  car  radiator  also  cools 
the  condenser. 
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Th«  eondttiui^r  may  b«  of  th«  om,  tvo»  or  thrto  pat*  fitmod 
cub«  cypo,  madt  of  coppar  or  Aluminum.    A  typical  condansar  is 
shovn  in  figur*  66. 


Figure  66.    Condenaer  With  Flexible  Hose. 

VIBEATIOI\  ELU4INAT0R.    A  device  used  to  absorb  vibrations 
created  by  the  engine  la  placed  between  the  compressor  and  the 
expansion  valVe,  also  between  the  compressor  and  the  condenser. 
This  may  be  either  a  seccion  of  flexible  tubing  surrounded  by 
.wire  mesh*  or  a  flexible  hose.    A  typical  flexible  hose  is  shown 
in  figure  66. 

MVFFLEB.  It  is  usually  locate^  in  the  high  pressure  line 
of  th«  compressor,  figure  67.  It  functions  as  a  surge  chaVber 
for  HFC  to  reduce  the  noise  level  of  the  system  while  in  operation 

FAIi  SLIt,  CLUTCH.    This  unit  limits  the  maxifflum  speed  of  the 
fan  to  about'  3200  rpm  regardless  of  engine  speed.    The  fluid  in 
the  clutch  transmits  only  enough  torque  to  drive  the  fan  at  this 
limited  speed,  thus  avoiding  excessive  noise  and  power  consump- 
tion by  trfe  fan  at  higher  engine  speeds.    The  fan  slip  clutch  is 
shown  in  figure  68. 
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Figure  6$.    Fan  Slip  Clutch, 


3ZEVICE  VAL'/ES,    Various  typas  of  service  valves,  see  figure 
69,  are  used  in  a  refrigerant  system.    Matiuai  shutoff  valves, 
such  as  those  shown  in  figure  56,  are  installed  at  the  inlet  and 
outlet  of  the  compressor.    During  normal  operation  both  valves  are 
open.    Some  systems  use  the  Schrader  valve.    These  are  similar  to 
sthe  valve  cora  used  to  inflate,  and  deflate  tires.    They  are  usually 
located  at  the  inlet  and  outlet  of  the  compressor. 

3'JC7I0U  PR^S'JRE  :or,T?.CL  VAL'/E.    Some^' systems  have  a  suction 
pressure  valve  which  is  used  to  maintain  a  certain  pressure  in  the 
evaporator  independent  of  the  compressor  low  side  pressure  and 
independent  of  the  cooling  demand.    In  most  cases,  a  diaphragm 
or  bellows  responding  only  to  the  pressure  in  the  evaporator 
opens  this  valve  If  the  evaporator  pressure  is  above  29  to  31  psi 
(R-12)  and  closes  the  valve  if  the  pressure  tends  to  go  below 
these  settings.  « 

Several  types  or  these  valves  are  commonly  used: 

1.  Suction  throttling  valve  (STV)  .  . 

2.  Evaporator  pressure  regulator  (EPR) . 

3.  '   Pressure  operated  altitude  valve  (POA) . 

I 

Figure  70  shows  ona  type  of -auction  prafisure  control  vaive^ 

T>^$e  valves  are  located  in  the  low  pressure  line  between  the 
evaporator  and  the  compressor.  ^ 


Figure  70,    Suction  Pressure  Control  Valve  (rCA). 
Putting  the  Components  to  Work 

Now  that  w«  have  discussed  aach  component  separately,  let's 
put  them  all  together  into  an  aitive  air  conditioning  unit. 
•Figure  71  shows  and  tells  what  aach  conponent  is  doing  to  make 
this  system  work.    It  should  be  noted  that  during  the  refrigeratic 
cycle,  two  changes  of  state  occur  on  the  refrigerant.    That  is 
where  the  LPt  changes  state  to  LPG,  this  occurs  in  the  evaporator 
and  whara  the  HPC  changes  stats  to  HFL,  this  change  occurs  in  the 
condenser. 
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2.     In  the  KVAT  RATOR  the  refrigerant  passes 
tlu.MiRh  tlio  Insidt!  ot   tlie  tubes  of  the  colls. 

tiu^  heat  f  rom  the  air  InsUlc  the  car  goea 
iiuo  thr  ruf  rigrrant  .   Iho,  refriKorant  bolls 
nui  t  luin^fs  into  a  k**->-  evaporator, 
th*    low  prcssuit-   h»w  umporature  Ras  t*,oos  tu 
Mir    inirt   rAdi.'  oi    the  t  iMUjirt'Ssor, 


1.     Thu  Rofri^oiant  enters  the  EXPANSION  VALVE 
in  a  liquid  state  at  a  high  pressure  and  sur- 
rounding air  temperature.     It  passes  through 
tlie  small  orifice  In  the  valve  where  It  changes 
to  a  wet   vapor  and  is  redut:ed  to  a  l(;wer  pres- 
sure.    The  lower  pressure  is  also  caused  by 
Lhe  compressor  sucking  the  refrigerant  out 
of  the  evaporator* 
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Wlien  the  rei  r  i  ge  r.iui  leaves 
the  condenser,  it  goes  into  the 
KIlCEIVKR-UR  f  ER  where   it   is  stored 
until  such  time  as  the  expansion 
valve  calls  for  more  liquid  refri- 
gerant.    The  drier  filters  out 
small  amounts  of .  mo  i   tun.'  that 
may  have  iMitert'd   the  systtiii  .it 
t  hf  t  i  me  of   intita  1  1  at  ion. 


i.      ih*'  coMl'kKSSOK  pntiips  Hu:  relrigrrant 
latu  a  liigh  pressure  gas.     From  the  outlet 
:.l<li   of  tlu-  lUimprei^sor  thp  rc^frigerant 
y;.M.s   to   ihf   inlet   ^ide  of  the  condenser 
t  iduT*. 


4.      In  the  (:i)Nl)i:Ni»KR  the  heat   In  the 
ri^frigerant  gas  g4)es   into  the  air  outside 
the  car  as  this  air  passes  over  the  con- 
denser coils.     As  the  refrigerant  lo:;cs 
tlie  heat,   it  changes  into  a  liquid  state. 
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1.  Charging  Station  / 

2.  Goggles 

3.  90*  Gauge  Line  Adapter 

4.  Gauge  Line  Adapter 
3.  Leak  Detector 

6.  Puller 

7.  Puller  Pilot 

8.  Fi^^ll  Valve  (Single  Can) 
i^.  Pocket  Thermometers  (2) 

^0,  #21  Snap  Ring  I'liers 

11.  026  Snap  Ring  Pliers 

12.  Compressor  Hoiding  Fixture 

13.  Compressing  Fixture 

iA.  Clutch  Hub  Holding  Tool 

15.  9/16"  Thin  Wall  Socket 


16.  Hub  and  Drive  Plate  Assembly  Remover 

17.  Hub  and  Drive  Plate  Assembly  Installer 

18.  Seal  Remover 

19.  Seal  Seat  Remover 

20.  Pulley  Bearing  Remover 

21.  Pulley  and  Bearing  Installer 

22.  Handle 

23.  Internal  Assembly  Support  Block 
2A.  Oil  Pickup  Tube  Remover 

2*).  Needle  Bearing  Installer 

26.  Seal  Seat  "0"  Ring  Remover 

27.  Seal  Seat  "0"  Ring  Installer 

28.  Shaft  Seal  Protector 

29.  Pressure  Test  Connector 

30.  Parts  Tray 
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Minor  Maintenance  of  the  Compressor 


The -majority  of  the  repairs  aa<la  on  Che  compressot  will 
involve  the  aagpetic  clutch  or  the  gas  scale.    The  specific 
repair  procedures  for  eich  of  these  units  a.    described  in  detail 
in  the  appropriate  technical  publication.     Cur  discussion,  there- 
fore, will  only  be  of  a'*  general  nature. 

9 

''lAGNSTIC  CLUTCH^     This  unit  starts  and  stops  the  compressor 
and  provides  ^he  means  of  controlling  the  tine  the  refrigerant' 
is  being  pumped  through  the  system.    The  magnetic  clutch  also 
allows  the  compresor  pulley  to  "free,  wheel'*  when  the  air  condi-  ' 
tioner  is  not  b>aing  used.    When  combined  with  the  thennostatic 
switch,  it  will  provide  positive  temperature  control • 

•  »  ^ 

To  remove  the  clutch  from  the  compressor  will  require  the 
use  of  special  tools.    The  hammer  and  chisel  tactics  eniployed 
by  many  mechanics  cannot  be  tolerated,  so  if  yaxi  don't  have  the 
proper  toolsl  see  figure  72,  don*t  attempt  the  repairs.  Some 
of  the  tools  required  to  remove  and  reinstall  the. magnetic  clutch, 
gas  seal,  and  associated  parts  of  the  swash  plate  compressor 
are  shown  in  figure  72,     As  the  make  of  the  compressor  changes, 
so  also  will  the  need  for  the  special  tools  be  changed. 

When  a  leak  is  detected  at  the  gas  seal,  removal  of  the  mag- 
netic clutch  is  required  to  gain  access  to  the  gas  seal.  The 
repairs  made  on  the  magnetic  clutch  are  considered  minor  repairs 
because  the  system  need  not  be  Jiurged.     It  should  be  noted  also 
that  these  repairs  may  be  accomplished  without  removing  the 
compressor  from  the  unit  or  system.     Figure  73  illustrates  this 
maintenance  being  accomplished  with  the  con;pressor  removed  and 
mounted  on  a  holding  fixture. 

Referring  to  figure  73,  use  the*  clutch  hub  holding  tool  to 
keep  the  drive  hub  from  rotating,  ther^  remove  the  h-'-ib  Iccknut 
using  a  ratchet  and  socket.     The  drive  hub  can  be  removed  using 
tne  special  puller,  as  shown  in  figure  74, 

After  the  drive  hub  has  been  removed^  the  pulley  and  bearing 
retainer  ring  -ust  be  removed.  This  operation  is  being  performed 
in  figure  75. 

With  the  retainer  ring  removed »  the  pulley  and  bearing  can 
be  removed,  usiog  the  puller  shown  in  figure  76. 

With  the  drive  plate  and  pulley  removed,  you  can  perfor:n 
such  other  maintenance  operations  as  relieving  and  replacing 
the  clutch  coil  or  pulley  bearing.     The  gas  seal  can  also  be 
serviced  but  this  is  considered  n^ajor  maintenance  because  the 
system  njust  be  purged  of  the  refrigerant  before  removiniz  the 
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Figure  ?4.     F.enovina.  Dviving  Hub. 
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To  r«ixMt«ll  th«  dutch,  thm  disMi«ably  procadur*  would 
b«  r«v«r««d  4nd  th«  tptclAl  tools  vould'b*  uaad  for  ch« 
inatallAtion  of  tho  coapoaanti. 

CAutioa:    Mayor  pbund  or  drlvo  th«  hub  aa<l  drlva  plata 
into  poaltiott.   Alwaya  uaa  tha  p?opar  toola  whan  raupviat 
or  raplacing  clutch  parta.    FAilura  to  do  lo  may  raault  in 
aarloua  Intamal  compraaaor  daaaga. 

QUESTIONS 

1.     What  i»  tha  condicion  of  tha  rafrlgarant  in  tha  racaivar- 

driar?  * 

.2.      What  is  tha  aafaty  davtce  uaftd  in  tha  racaivar-driar? 

3.      What  ara  tha  four  phaaea  of . tha  rafrigarant? 

V, 

4*     What  would  ba  tha  raault  If , tha  orlflca  in  tha  axpanalon 
valva  wara  too  small? 

3.     What  is  tha  function  of  tha  cooprassor? 

6,  How  many  changea  .of  stata  occur  in  tha  rafrigarant? 

7,  Whera  ia  the  axpansion  valva  locatad  in  tha  raf rigeration 
system? 

8,  What  change  of  state  occurs  in  tha  condenser? 

9,  What  controls  the  opening  and  closing  of  tha  axpansion 
valva?  ^ 

10.  What  refrigeration  components  are  necessary  to  make 
tha  system  work? 

True-Falsa  Questions 

11.  The  compressor  creates  a  change  of  state. 
X2.      The  condftnser  absorbs  heat. 

13,  Gas  seal  replacement  requires  that  the  system  be  purged* 

s 

14.  Damage  may  result  to  the  compressor  if  a  hammer  Is  used 
to  tap  the  clutch  drive  plate  into  place* 

IS*      The  ervaporator  makes  cold  air* 

16.  The  evaporator  takes  the  heat  out  of  the  air. 

17,  The  expansion  valve  creates  a  pressure  differential. 
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id.      A  typical  refrlgttracion  iystem  consists  of  an 
axpaxision  vaXv*^  avaporator^  compraator,  condansar»  and  racaivar- 

drier* 

19.  Tha  recaivar*drier  stores  refrigerant  as  LPL. 

20.  Four  changes  of  stat/  occur  during  one  refrigeration 
cycle. 

Completion  Questions 

21.  Service  valves  are  usually  located  at  the   


and 


of  the 


22.      Tha  suction  pressure  control  valve  is  located  in  the 
between  the    and  the. 


13.  The 


or 


assures  that  only 


is  allowed  to  leave  the 


24, 


heat  is  absorbed  to 


Che 


refrigerant 


25.  The  function  of  the 
  pressure,   


is  to  raise  the 


temperature  gas  to  a 


pressure, 
REFERENCES 


temperature 


1.  TO  36A2-l=2a*2-3,  Ford  Service  Manual. 

♦ 

2.  TO  36A2-4-27-2,  Chevrolet  Service  Manual. 

3.  TO  36A2-4-28-3,  Chevrolet  Service  Manual. 

4.  TO  36A2-5-9-12,  Chrysler  Sarvice  Manual. 
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G«n«r«i  Vahlcii  Branch  I  aASRA7330-SC-706 

Chanut.  AFB.  IlJinoii  3A2R47350-5-SG-105 

INSPECTION,  TROUBLESHOOTING,  EVATIUATING,  AND 
CHARGING  OF  AIR  CONDITIONING  SYSTEM 


OBJECTIVES 


[  PfjP^ii/ rir  f^*       II  I   M«»-4M6,  And  eoapUtlng  this 
unit  of  iStruction,  you  wiUf  b«  *bl«  to  inaptcc,  troubl««hoot , 
evacuAtA,  And  chArgA  Che  Air  conditioning  systAm. 


INTRODUCTION 

Air  conditioning  8yst«ma  are  engineered  *nd  constructed  to 
give  many  y^Ars  of  efficient  service.    However,  there  aay  come  e 
time  when  a  mAlfunction  occurs  and  you  will  be  rtquired  to  inspect 
and  troubleshoot  the  system.    Many  air  conditioner  troubles  could 
result  from  CAreiess  practices.    This  is  why  it  is  very  important 
that  proper  maiAtenance  procedures  are  followed.    There  are  four 
important  facts  to  remember  when  servicing  an  air  conditioning 
system:     (i)  Keep  dirt  out  of  the  system,  (2)  Keep  moisture  out  of 
the  system,  (3)  Evacuate  the  system  thoroughly,  and  (4)  Use  only 
refrigeration  oil. 

INFORMATION 

INSPtCTION  AND  TEST  PROCEDURES 

Satisfactory  performance  of  the  air  conditioning  is 
dependant  upon  proper  operation  and  adjustment  of  ail ^operating 
controls,  as  well  as  proper  functioning  of  all  refrigeration 
system  units.    The  inspections,  tests,  and  adjustments  should 
be  used  to  locate  the  cause  of  a  malfunction. 

Obstructr ;  air  passages,  broken  baltg,  disconnected  or 
broicen  wires,  xoose  clutch,  loose  or  broken  mounting  brackets 
say  be  determined  ay  a  visual  inspection  of  the  parts. 

Tha  primary  causes  of  system  failures  are  defined  as  tollo'-s. 


Leaks 

A  shortage  of  refrigerant  causes  oil  to  be  trapped  in  the 
evaporator.  Oil  may  be  lost  with  the  refrigerant  at  ch*  point 
of  the  leakage.    Both  of  these  can  cause  compressor  seizure. 

Oil  circulate  in  the  system  with  the  refrigerant;  in 
solution  with  the  liquid  and  in  globules  with  the  vapdr.  It 
Idaves  the  compressor  by  the  action  of  the  pistons  and  mixes 
with  the  refrigerant  liquid  in  .the  condanser.    The  oil  then 
enters  the  evaporator  with  the  liquid  and,  with  the  evaporator 
properly  flooded,  is  returned  to  tke  compressor  through  the 
low  pressure  line.    Some  of  the  oil  returns  as  globules  in  the 
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vapor  but  mor«  importantly »  It  la  swapt  aa  a  liquid  along  tha 
WAila  of  tha  tubing  by  tha  valocity  of  tha  vapor.    If  tha 
avaporator  la  atarvad*  tha  oiX  cannot  ratum  in  aufficiant  ^ 
q^ntltlaa  to  kaap  tha  compraaaor  proparly  lubricated. 

Hl^h  Temperature  and  Pressure 

An  incraaaa  in  ta»paratura  cauaaa  an  Increasa  in  preasura. 
This  accalarataa  chamical  Inatabllity  due  to  axiating  contam- 
inants In  tha  ayatam»  and  Inltlatea  chamical  Instability  in 
a  clean  ayatam.    Othar  raaults  ara  brittle  hoaes,  ''0*'  ring 
gaskata,  and  bypaaa  valve  dlaphragma  with  possible  dacompoaition, 
broken  compraaaor  discharge  reads,  and  seized  compressor  bearings. 

A  fundamental  law  of  nature  accounts  for  the  fact  that  when 
a  substance^  such  as  a  refrigerant.  Is  increased  in  temperature, 
its  presAure  is  also  Increased. 

Any  chamical  reactions  caused  by  contaminants  already  la^ 
the  system  ara  greatly  accelerated  as  tha  temperature  Increases. 
A  15^  rise  in  temperature  doubles  the  chemical  action.    Even  in 
a  good  clean  system,  heat  alone  can  start  a  chain  of  harmful 
chemical  reactions. 

While  temperature  alone  can  cause  the  synthdtic  rubber  parts 
to  become  brittle  and  possible  to  decompose,  the  increased 
pressure  can  cause  them  to  rupture  or  blow* 

As  the  temperature  and  pressure  Increases,  the  stress  and 
strain  on  the  discharge  reeds  also  increases.    This  can  result 
in  broken  reeds.    Due  to  tne  effect  of  the  contaminants  csused 
by  high  temperature  and  pressure,  compressor  bearings  can  be 
caused  to  seize. 

Air  In  the  System 

Air  results  from  a  discluirgt:d  ayscem  or  c^reit^.ss  servlci:^R 
procedures.     This  reduces  syatuD  capacity  and  t^ffiuiencv  ana 
causes  oxidation  of  oil  into         '*3r;d  varnish. 

Whan  a  leak  causes  the  systen;  to  bt^cocs^  ii^char^ed,  tt;e 
resulting  vacuum  within  the  .gystam  will  cause  air  to  be  dra^^ni  in* 
Air  in  a  system  is  a  ncncondor.sable  gas  and  wiii  bulJd  up  in 
the  condenser  aa  it  would  ir  an  ftir  compra^sor  cank.  The 
resultant  heat  produced  will  contribute  to  tha  conditiou.^ 
discussed  previously. 

Many  systems  aro  cont:minated  aud  also  redacted  In  capacity  , 
and  efficiency  by  servicemen  who  either  do  not  know  or  arti 
careless  regarding  propi^r  ser/icing  procedures. 
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'  Too*ft«qv«itly,  ty«e«M  which  h«v«  >m&  op«n  to  thA 

*tmoiph«rt  during  '••rvlc*  optrationt  havi  not  b*«n  properly 
purg«d  or  ovacuatod*    Air  i»  a1«o  introducod  into  th«  systam 
by  unpurgod  gago  and.  charging  linat.    Ramambar  that  any  air 
in  ^a  tyatam  la  too  much  air» 

Poor  Conntctloni 

Hoaa  damp  typa  fittings  muat  ba  propariy  aada.    Hoaa  should 
be  inatailad  ovar  tha  saaling  flangaa  and  with  tha  and  of  tha  hoaa 
at  tha  stop  flanga.    Tha  hoaa  ahouid  navtr  axtand  bayond  tha  atop 
flanga.    Locata  tha  clamp  propariy  and  torqua  aa  raconmandad.  Ba 
espaclally  caraful  that  tha  ■a4ling  flangas  ara  not  nickad  or 
scorad  or  a  futura  laak  will  resul^-. 

Whan  comprassion  fittings  ara  used,  ov«r-tightaning  can  causa 
physical  damaga  to  the  "0"  riag  gasltat  and  will  result  in  leaks. 
The  use  of  torqua  and  backing  wrenchaa  is  highly  racomnandad. 
When  making  a  connection  with^compraasion  fittings,  tha  gaakat 
should  always  be  first  place!  over  the  tube  befote  inaarting  it 
in  the  connection.  ^ 

Another  precaution  -  inspect  the  fitting  for  burrs  which 
can  cut  the  "0"  ring. 

Restrictions 

Restrictions  nay  be  due  to  powdered  desiccant  or  dirt  and 
foreign  matter.    This  may  result  in  starved  evaporator  and  loss 
of  cooling,  high  temperature  at  tlie  bypass  hose,  or  a  seized 
compressor. 

When  the  amount  of  moisture  in  a  system  sufficiently 
exceeds  the  capacity  of  the  desiccant,  it  can  break  down  the 
desiccant  and  cause  it  to  powder.    The  powder  passes  through 
the  dehydrator  screen  with  the  refrigerant  liquid  and  is 
carried  to  the  expansion  valve  screen.    While  some  of  it  may 
pass  through  the  valve  screen  into  the  evaporator,  it  may 
quickly  build  up  to  cause  a  restriction. 

Due  to  Che  fact  that  sufficient  oil  then  cannot  be 
returned  to  the  compressor,  it  may  seize. 

Dirt 

Dirt,  which  Is  any  foreign  material,  may  come  from  cleaner 
residues,  cutting,  machines,  preserving  oils,  metal  dust  or. 
chips,  lint,  loose  rust,  soldering  or  brazing  fluxes,  paint  or 
loose  oxide  scale.    The  following  can  also  Causa  a  seized 
bearing,  abrasion,  or  wedging,  discharge  and  expansion  valve 
failure,  decomposition  of  refrigerant  and  oil,  or  corrosion  of 
metal  parts. 
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Corrosion 


Corrosion  and  Its  by-^products  can  res cr let  vaiva  and 
drier  scraana,  roughan  baarlng  aurfacea  or  haaCen  fatiguing  of 
discharge  reada.    This  can  raaulc  in  high  temperature  and 
pres8ure»  decompoaiciont  or  leaks.     In  any  evant,  this  zieans  a 
damaged  compressor • 

From  this,  we  can  see  the  vicious  circle  that  can  be  produced 
in  a  refrigeration  aystem  to  cause  its  failure.    Corrosion  can 
be  the  indirect  cause  of  leaks  and  leaks  can  be  the  direct  cause 
of  corrosion.    We  can  also  see  the  important  role  we,  as  service- 
men»  play  .in  maintaining  chemical  stability. 

Moisture 

Moisture  is  the  greatest  enemy  of  refrigerating  systems. 
Combined  with  metal,  it  produces  oxide,  iron  hydroxide,  and 
aluminum  hydroxide.    'Combined  with  R-12,  it  produces  carbonic 
acid,  hydrochloric  acid,  and  hydrofluoric  acid.    Moi«ture  can 
also  cause  freeze-up  of  expansion  valve  and  powdered  desiccant. 

Although  high  temperature  and  dirt  are  responsible  for 
ziany  difficulties  in  refrigerating  systems,  in  most  instances  it 
is  the  presence  of  moisturp  in  the  system  that  accelerates  these 
conditions.     It  can  be  said,  therefore,  that  moisture  is  the 
greatest  problem  of  all.    The  acids  that  it  produces,  in 
combination  with  both  the  metals  and  the  refrigerant^  causes 
damaging  corrosion.    While  the  corrosion  may  not  form  as  rapidly 
with  R-12  as  with  some  refrigerants,  the  eventual  formation  is 
as  danaging. 

If  the  operating  pressure  and  temperature  in  the  evaporator 
is  reduced  to  the  freezing  point,  moisture  in  the  refrigerant  can 
coiiifcct  at  the  orifice  of  the  expansion  valve  and  freeze.  This 
ter.porarily  restricts  the  flow  of  liquid,  causing  erratic  cooling. 

A3  previously  mentioned,  moisture  in  excess  of  the  desiccants 
:.4pacity  can  cause  it  to  powder. 

TROUBLESHOOTING  AND  DIAGNOSIS 

The  foiiowing  is  a  description  of  the  type  of  3>^pton:  each 
refrigerant  coinpound  will  evidence  if  a  defect  occurs. 

Compressor 

A  compressor  defect  Will  appear  in  one  of  four  ways:  noise, 
seizure,  leakage,  or  low  discharge  pressure* 

Note:     Resonant  compressor  noises  are  not  cause  for  alarm; 
however,  irregular  noise  or  rattles  may  indicat.^  broken 
parts  or. excessive  clearance  due  to  wear.     To  check  seizure, 
deenergize  the  magnetic  clutch  and  check  to  see  if  drive 
plata  can  be  rotated*     If  rotation  is  impossible,  compressor 
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it  ••Istd.    If  rotation  la  iBpoagl^lo,.  eoaproMor  la 
•alzad.    To  chack  for  laak»  rafar  Co  laak  taatlng  In  ch« 
sarvlca  manual.    Low  dltcharga  praasurt  nay  ba  dua  to  a 
faulty  intamai  «aal  of  cha  comprasior,  or  a  reatrlction  ia 
tha  coapraaaor.  ^ 

Noca:    Low  dlacharga  praaaura  aay  alao  ba  dua  to  an 
inaufflciant  rafrlgarant  charga  or  a  raatrlction  klaawhera 
in  thi  ayacem.    Thaaa  poaalbllltlafl  should  ba  chackad 
prior  to  aarvlclng  cha  compraaacr.    If  tlia  compraaaor  is 
Inoparaciva,  buC  ia  not'aaiaad,  chack  to  aee  If  currant 
ia  baing  auppliad  to  cha  magnacic  ciucch  coil  carmlnals. 

Condenser 

A  condenaar  may  be  daf active  in  two  vays:    it  may  leak,  or 
it  may  b«  restricted.    A  condenser  restriction  will  reault  in 
excessive  compraasor  discharge  preaaura.    If  a  partial  reatrlc- 
tion ia  preaant,  aomatlmaa  ice  or  froat  will  fora  imaiad lately 
after  the  restriction  as  the  refrigerant  dxpanda  after  paaaing 
through  tha  reatrlction.    If  air  flow  through  the  condanaar  or 
radiator  ia  blocked,  high  discharge  pressures  will  result. 
During  normal  condenser  operation,  the  outlet  pipe  will  be 
slightly  cooler  than  the  inlet  pipe. 

Rece1 ver-Dehydrator 

A  defective  receivcr-dehydrator  may  be  due  to  a  restriction 
inside  the  body  of  a  unit.    A  restriction  at  the  inlet  to  the 
receiver-dehydrator  will  cause  high  head  pressures.    Outlet  tube 
restriction  will  be  Indicated  by  low  head  pressure  and  little  or 
no  cooling.    An  excessively  cold  receiver-dehydrator  outlet  may 
be  Indicative  of  a  restriction. 

Expansion  Valve 

Expansion  valve  defects  usually  will  be  indicated  by  low 
suction  and  discharge  pressures,  and  insufficient  evaporator 
cooling.    The  problem  is  generally  due  to  malfunction  or  the 
power  element  and  subsequent  closing  of  the  valve,    A  less  conmon 
cause  of  the  above  symptom  is  a  clogged  inlet  screen. 

evaporator 

When  the  evaporator  is  defective,  the  trouble  will  show  up 
as  an  inadequate  supply  of  cool  air.    A  partially  plugged  core 
due  to  dirt,  a  cracked  case,  or  a  leaking  seal  will  generally  ba 
the  cause. 

/ 

POA  Valve 

If  the  POA  valve  is -defective ,  it  may  cause  evaporator 
pressure  (hence  air  temperature)  to  be  either  too  high  or  too 
low  depending  on  the  type  of  failure.    No  adjustment  is 
possible  on  POA  valves.    If  it  is  determined  that  a  i'OA  valve 
has  failed,  it  should  be  replaced.    Before  replacing  the  POA 
valve,  check  for  proper  fan  operation. 
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Refrigerant  Line  Restrictions  v 

RMtrlctlon*  la  thft  r«£rig«ranc  Ilnat  will  b«  Indicated  |as    .  * 

follows: 

1.  Suction  Li^e  -  A  raatrictad  auction  line  will  cause \ 
low  suction  preasura  at  tha  comprassor ,  low  discharge  pressure/ 
and  little  or  jno  cooling. 

2.  Discharge  Line  -  A  restriction  in  the  discharge  line 
generally  wil'l  cause  the  pressure  relief  Valve  to  open. 

3.  Liquid  Line  -  A  liquid  line  restriction  will  be 
evidenced  by  low  discharge  and  suction  pressure,  and  insufficient 
cooling. 

Sight  Glass  Diagnosis 

At  temperatures  higher  than  /CF,  the  sight  glass  may 
indicate  whether  the  refrigerant  charge  is  sufficient.    A  shortage 
of  liquid  refrigerant  is  indicated  after  about  five  minutes  of 
compressor  operation  by  the  appearance  of  slow-moving  bubbles 
(vapor)  or  a  broken  column  of  refrigerant  under  the  glass. 
Continuous  bubbles  may  appear  in  a  properly  charged  system  on  a 
cool  day.    This  is  a  normal  situation.    If  the  sight  glass  is 
generally  clear  and  performance  is  satisfactory,  occasional 
bubbles  do  not  indicate  refrigerant  shortage.    If  the  sight  glass 
consistently  shows  foaming  or  a  broken  liquid  column,  it  should 
be  observed  after  partially  blo>cking  the  air  to  the  condenser. 
If,  under  this  condition,  the  sight  glass  clears  and  the  per- 
formance, is  otherwise  satisfactory,  the  charge  shall  be  considered 
adequate.     In  all  instances,  where  the  indications  of  refrigerant 
shortage  continues,  additAjnal  refrigerant  should  be  added  in  1/A 
lb  increments  until  the  sight  glass  is  clear.    An  additional 
charge  of  1/2  lb  should  be  added  as  a  reserve  after  the  glass 
clears.     In  no  case  should  tha  system  be  over-charged. 

System  Diagnosis 

A  malfunction  in  an  air  conditioning  system  can  be  simplified 
by  a  logical,  systematic  procedure  which  can  minimize  time  and 
effort.    Lack  of  a  logical  systematic  procedure  could  complicate 
determining  a  relatively  minor  malfunction  or  waste  time  and 
effort  attempting  to  diagnose  a  malf unctiori.  which  does  not 
actually  exist. 

Before  a  malfunction  in  the  system  can  be  diagnosed  and 
corrected,  an  understanding  of  how  the  system  operates  under 
normal  conditions  is  essential.    Always  refer  to  the  appropriate 
manuals  for  operational  procedures . 


114 


ERIC 


Th«  moat  Important  part  of  diagnoaing  a  problam  la  to 
detarmina  axactly  what  tha  complaint  la  and  vhathar  thli  bom- 
plaint  actually  atama  from  a  malfunction  in  tha  ay»tam.>.^  /(Without 
a  thorough  undaratandlng  of  how  tha  ay at am  la  auppoaad  to 
operatai  a  complaint  a teaming  from  miaundaratanding  of  ayatam 
oparatlon  or^impropar  setting  of  tha  control  pAial  lavar  could 
raault  £n  tha  aaarch  for  a  malfunction  that  doaa  not  axiat.) 
If  tha  complaint  ia  of  a  condition  tohat  occurs  only  pariodically 
(intermittant) ,  the  malfunction  should  be  observed  before 
diagnoaia  and  repairs  are  attempted^ 

A  systematic  diagnosis  before  attempting  r<3pair  or  parts 
replacement  will  save  time  and  prevertt  customer  dissatisfaction. 
You  must  first  determine  if  the  problem  is  in  the  freon  system, 
the  heater,  or  the  control  system  which  includes  vacuum  and 
electric • 

The  main  objective  when  troubleshooting  the  system  is  to 
Isolate  the  {troblem  to  either  the  control  head  (control  panel) » 
the  sensors,  the  vacuum  system,  the  electrical  system,  or  the 
programmer.    After  thia  preliminary  isolation  is  completed ^  the 
actual  malfunction  can  then  be  determined  quickly  %    Figures  77, 
78,  79,  and  80  will  aid  you  in  diagnoaing  air  condition  systems 
inaif  unctions .    Use  troubleshooting  probl^em  Chart  1  to  help 
determine  the  malfunction^     (Located  in  bade  of  study  guide.) 

EVACUATING  THE  SYSTEM 
Hand  Operated  Service  Valves 

To  evacuate  a  system,  it  Is  necessary  to  use  a  vacuum 
pump.    To  charge  a  system  properly  it  is  necessary  to  weigh 
or  measure  the  amount  of  refrigerant  that  goes  into  the  system. 

The  two  service  valves  that  are  used  to  evacuate  and  charge 
the  system  are  located  on  the  head  of  the  compressor. 

For  evacuating  an  air  conditioning  system  that  has  hand- 
wperated  service  valves  on  the  head  of  the  compressor^  follow 
tnese  steps  carefully* 

1.  Remove  the  two  iar^e  caps  located  on^the  ends  of  the 
service  valves  on  the  head  of  the  compressor.   ^*These  caps  are 
appro3^imately  7/3''  in  diameter* 

2.  Under  the  caps  there  are  valve  stems*     Uilng  a 
serviceman's  refrigeration  ratchet,  wind  the  valve  sterna  out 
(counterclocicwiae)  until  they  back  seat  (see  figure  81).  3ack 
seating  the  valve  stem  is  usually  necessary  only  when  installing 
a  new  compressor. 
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INSUfFICIfNT  COOLING  DIAGNOSIS  CHART 
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3.  Using  a  i/2"  siocket  on  a  ratchet,  rotat*i  the  clutch 
shoe  and  compressor  crankshaft  ten  or  tveive  turns*    Any  oil 
that  may        trapped  on  top  of  tha  piston  in  the  ccnpressor  will 
be  returned  to  the  crankcase,  and  at  the  same  time,  this  oil 
will  lubricate  the  shaft  seal  of  the  compressor. 

4.  Remove  the  9/16**  caps  that  are  covering  the  gauge 
ports  openings  on  the  service  valve,  Sizes  ot  cap  ziay  var/ 
depending  on  Che  manufacturer. 

Connect  the  hi^h  pressure  gauge  hose  of  the  sarvi  esan 
gauge  sec  to  the  gauge  port  opening  of  the  discharge  valve 
located  on  the  compressor  head»  see  figure  32. 

6.      Connect  the  low  pressure  gauge  hose  of  the  ser/ice- 
man's  gauge  sec  to  the  gauge  port  opening  o:  the  auction  valve 
located  on  the  compressor  head,  see  figure  82 • 


ENIARG£D  VIEW.OF  GAUGES  &  VAlVES 


lOW  PRtSSURC  GAUGE 
VACUUM  PUMP  PRESSURE  GAUGE 

iOW  FfifSSURt  GAUOt: 


HAND  VAIVE 


HAND  VAIVE 
HIGH  PRESSURE  GAUGE 


Fii^uvii  82,    Guxuja  i)et  Hookup  to  Harui-Op*imted  Valvea  for  Evaauating. 
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7,      Close  both  hand  valves  located  on  the  serviceman's 
gauge  aet  by  winding  the  valve  stems  in, 

8^      Wind  the  stem  of  the  suction  valve  on  the  compressor 
in  a  clockwise  motion  until  th*^  valve  is  front  seated.  The 
valve  stem  should  be  all  the  way  in»  see  figure  81. 

9.      Connect  the  center  hose  from  the  serviceman's  gauge 
set  to  a  good  vacuum  pump»  see  figure  82. 

iO*      Start  the  pump. 

11.  Open  the  high  pressure  gauge  valve  on  the  ser/lceman's 
gauge  set  by  winding  the  valve  stem  out  partway^    If  the  high 
pressure  gauge  reads  below  2eroy  this  means  the  pump  is  pumping « 
If  it  does  not  read  below  zero,  check  the  vacuum  pump  to  be 
sure  it  is  pumping. 

12.  Close  the  high  pressure  gauge  valve  on  the  serviceman's 
gauge  set  by  winding  the  valve  stem  in. 

13.  Open  the  suction  valve  located  on  the  compressor  by 
winding  the  valve  stem  out  (countercloclcwise)  five  full  turns. 
The  valve  stem  will  be  about  halfway  out,  see  figure  81.     Tlie  iov 
pressure  gauge  should  read  below  zero.     If  it  does  not  read 
beiov  zero,  it  indicates  one  of  three  things: 

a.  The  system  is  plugged. 

b.  The  system  has  leaks. 

c»       Tr.e  expansion  valve  is  stuck  in  the  closed 

position . 

First,  check  the  system  for  plugs.     Then,  check  the  syste-  for 
leaks  by  inspecting  all  of  the  connections.     Finally,   check  the 
expansion  valve  to  bo  sure  it  is  in  the  open  position.  Also 
Hiake  certain  your  gauges  and  the  vacuuni  pump  are  in  good  v<>rklr,i.^ 
ccnciition. 

U.  Continue  with  the  evacuation  of  the  system  by  opening 
the  low  pressure  gauge  on  the  serviceman's  gauge  set  by  winding 
the  valve  stem  all  the  way  out  (counterclockwise). 

15.      After  the  vacuum  pump  has  been  running  for  five  minutes, 
cio»e  the  low  pressure  ^auge  valve  on  Che  serviceman's  gauge 
set.    ::ake  sure  the  high  pressure  gauge  valve  is  also  closed. 
Note  the  reading  on  the  low  pressurts  gauge.     It  should  be 
between  2  5  and  28  inches  of  vacuum.     If  this  reading  stays  the 
same  for  about  seven  minutes,  it  is*  an  indication  that  the 
system  does  not  have  any  leaks.     Proceed  with  the  evacuation.  If 
the  system  does  nave  leaks,  do  not  proceed  until  they  have  been 
repaired . 
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16 •  Open  both  hand  valves  on  Cha  tarvicaman^s  gauga  sat. 
Afcar  the  low  pr  as  sura  gauga  a  hows  batvaan  25  and  28  Inchaa  pf 

vacuum »  allow  the  vacuum  pump  to  run  for  a  minimum  of  20  minutes* 
Prefsrablyi  the  vacuum  pump  should  run  for  an  hour*    You  cannot 
evacuatQ  the  system  too  long  a  time* 

17 «      Close  both  hand  valves  on  the  servlcanan^s  gauga  sat 

by  turning  them  in  (clockwise) . 

18.  Stop  the  vacuum  pump  and  disconnect  the  center  hose  of 
Che  gauge  set  from  the  vacuum  pump. 

Now  chat  Che  air  conditioning  system  is  completely  evacuated, 

proceed  with  charging « 

Note:    Although  Che  evacuating  procedures  for  all  air 
conditioning  systems  are  similar^  steps  vary  according 
Co  the  manufacturer.    Always  refer  to  the  appropriate 
technical  manual  for  evacuating  procedures. 

Evacuating  the  System 

ZILL  CC^PS  SERVICE  \kZ/E.     These  procedures  are  to  be  used 
when  you  have  Che  Oil!  Core  cype  service  valve,  see  figure  83. 
For  evacuating  an  air  coridicioning  system  that  has  Dill  Core 
type  service  valves  on  the  head  of  the  compreaeor^  follow  these 
steps  carefully: 


DEPRESSION  PINS 
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1%     Look  into  ch#  •ads  of  ch«  hoBmm  on  cha  t«rvic«inAn*s 

gauge  s«t«    On  one  and  or  tha  other  of  the  two  gauge  hoaes  there 
oust  be  depreaalon  plna^  aee  figure  84.    If  the  hoaes  do  not  have 
Che  pina  in  them^  you  will  have  to  use  the  adaption  shown  in 
figure  85.    the  depression  pins  in  the  hoses  or  hose  adapters 
are  necessary  to  open  the  dill  core  valves  on  the  compressor. 
Remove  capa  from  Dill  valve  gauge  port  openings. 


DEPRESSION  PIN 


Figure  55,    Gauge  Hoae  Adapter. 

2,  Connect  the  depression  fitting  end  of  the  hjose  from 
the  low  pressure  gauge  of  the  serviceman's  gauge  to  the  Dill 
suction  valve  on  the  compressor. 

3,  Connect  the  depression  fitting  end  of  the  hose  from 
the  high  pressure  gauge  of  the  serviceman *s  gauge  set  to  the 
Dill  discharge  valve  on  the  compressor. 

A.      Connect  the  center  hose  from  the  serviceman *s  gauge 
set  to  the  vacuum  pump.    See  figure  86  for  illustration  of 
complete  hook-up. 

5/      Start  the  vacuum  pump. 

* 

: 

6 If      Open  the  low  pressure  gauge  valve  on  the  serviceman's 
^gauge-set  by  windi-^.g  the  valve  stem  out. 

7.      Look  at  the  gauges.     If  no  leaks  are  present,  both 
gauges  will  read  belcni^  zero  ^  as  in  figure  87.     If  the  high 
pressure  gauge  does  not  read  below  zero»  it  indicates  one  of 
three  things: 

a»      The  system  is  plugged. 

b.      The  system  has  leaks* 

c*      The  expansion  valve  is  stuck  in  the  closed 

position. 

First,  check  the  system  for  plugs,  then  check  the  system  for 
leaks  by  Inspecting  all  of  the  connections «     Finally,  check 
the  expansion  valve  to  be  sure  it  is  in  the  open  position. 
Also,  make  certain  your  gauges  and  the  vacuum  pump  are  In  good 
working  condition.    Then  pr<^ceed  with  the  evacuation. 
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LOW  PRESSURE 
GAUGE 


HIGH  PRESSURI^/ ' 
GAUGE 


ND  VALVE 


HANQ.VAL 


iTure  37.     Belcpj  Zero  '^^auae  Headinae  Indicate  iJo  Leaka. 
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8.      Op«n  the  high  pressure  gauge  valve  on  the  serviceman's 
gauge  set  by  turning  the  valr^f  stfl^  out. 

■    9.      After  the  low  pressure  gauge  shows  between  25  and  28 
inches  of  vacuum,  allow  the  vacuum  pump  to  run  fo»  a  minlmuol  of 
20  mlnutas.    Preferably  the  vacuum  pump  should  run  for  an  hour. 
You  cannot  evacuate  the  system  for  too  long  a  time. 

10.  After  evacuation  has  been  completed,  close  both  valves 
on  the  serviceman's  gauge  set  by  turning  the  valve  stems  in 

all  the  Way. 

11.  Turn  off  the  vacuum  pump. 

12.  Disconnect  the  center  hose  of  the  serviceman's  gauge 
set  from  the  vacuum  pump. 

Note:    Although  the  evacuating  procedures  for  all  air 
conditioning  systems  are  similar,  steps  v4tx  according 
to  the  manufacturer.    Always  refer  to  the  appropriate 
technical  manual  for  evacuating  procedures. 

Charging  With  Refrigerant  in  Gas  State  Hand-Operated  Service 
Valves  . 

1.  Connect  the  center  hose  of  the  serviceman's  gauge 
set  to  the  can  or  drum  of  refrigerant. 

2.  Make  certain  the  drum  or  can  is  in  an  upright  position. 
Open  the  valve  on  the  supply  source  of  the  drum  or  can. 

3.  Look^At  the  low  pressure  gauge  to  be  certain  it  is 
reading  beloj/zero -anffhas  maintained  a  vacuum.  / 

4.  Loosen  the  center  fitting  of  the  hose  at  the  gauge 
set  to  allot  a  "little  of  the  refrigerant  to  escape.    This  purges 
the  air  frob  the  hose.    After  about  five  seconds,  retighten  the 
center  fitting  on  the  gauge  set. 

5.  Open' the  low  pressure  gauge  valve  on  the  serviceman's 
gauge  sec  by  turning. the  valve  stem  out. 

6.  DO  NOT  OPEN  the  pressure  gauge  valve  at  this  time! 

7.  Open  the  suction  valve  on  the  compressor  head  by 
turning  the  valve  stem  in  (counterclockwise)  five  turns, 

8.  Open  the  discharge  valve  on  the  compressor  head  by 
turning  the  valve  stem  in  one  quarter  turn. 

9.  Look  at  the  gauges.    Both  gauges  should  be  reading 
approximately  the  same  pressure. 
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10.  Turn  th«  mporator  blow«r  •witch  on4ilgh  spAad  «ad 
set  th«  t •taper aturt  control  on  th«  coldeat  position. 


11.  Start  th«  cer  •ngine. 

12.  Sttt  thtt  car  carburetor  linkage  on  tha  faat  Idla  cam 
90  that  the  engine  will  run  at  about  1000  to  1200  rpm. 

/' 

13.  Allow  2-1/2  pounds  of  refrigerant  R-i2  gaa  to  be  pumped 
into  th^  eyetem.    thXa  i»  approximately  2-2/3  cans  If  you  are 
using  the  15-ounce  pressure  cans. 

Cautloni    Do  not  turn  the  refrigerant  drum  or  can  upside 
down  while  charging  i;:  the  compressoris  running.  A 
liquid  refrigerant  caionot  be  compressed  and  damage  can 
result  to  tha  compressor  valve  plate- 

CAUTION!.  •^TlOlCf'^UTIONt  J^'^ 

14.  If  the.  re'frigarant  gas  will  not  flow  into  the  system 
fast  enough,  and  the  ref^igarant  supply  drum  or  can  becomes 
too  cold,  it  is  possible  to  warm  it  by  placing  it  in  a  pan  of 
warm  water  not  to  exceed  llO'F,  but  be  sure  the  supply  source 
valve  is  still  open* 

Caution:  DO  NOT  KEAT  THE  REFRIGERANT  CAN  OR  DRUM  WITH 
A  FLAME  OR  TORCH.  If  the  can  or  drum  is  heated  to  too 
high  a  temperature,  it  can  explode. 

15.  When  2  to  2-1/2  pounds  of  refrigerant  are  in  the 
system,  the  sight  glass  will  be  clear,  with  the  engine  and 
compressor  running  at  1000  to  1200  rpm, 

16.  After  it  is  certain  that  the  system  is  completely 
charged  with  2-1/2  pounds  of  refrigerant  R-l2,  close^the  valve  on 
the  refrigerant  supply  drum  or  can. 

Note:    The  amount  of  refrigerant  will  vary  according  to 
manufacturer.    Always  refer  to  the  appropriate  technical 
oanual  for  servicing- procedures , 

17.  Open  tha  high  pressure  gauge  valve  on  the  serviceman's 
gauge  set  to  allow  the  high  JJressure  to  bleed  into  the  low 
pressure  side  of  the  system.    Both  gauges  will  then  read  low 
pressure. 

18.  Back  seat  the  suction  and  discharge  valves  on  the 
compressor  by  turning  the  valve  stem  out  (counterclockwise). 

19.  Stop  the  car  engine. 

20.  Disconnect  the  serviceman's  gauge  set  from  compressor. 
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2X.      Cap  Che  gauge  port  fittings  on  the  compressor  service 
valves  and  put  the  dust  caps  on  the  valve  stems. 

22.      Ba  sure  to  check  th»  syscem  for  leaks « 

Charging  With  Refrigerant  In  Liquid  State  -  Hand-Opera ted  Service 
Valves 

/'After  the  air  conditioning  ayatem  haa  been  com{$lately 
eva(iuat^d>  you  can  procaad  with  charging  the  system. 

Caution:    Whan  charging  with  refrigerant  in  a  liquid  state, 
NEVER  START  THE  CAR  ENCINEI    When  the  refrigerant  is  in 
a  liquid  8tate»  it  cannot  be  compressed.    Starting  the 
engine  could  cause  serious  damage  to  the  compressor  valve 
plate  assembly* 


Note:    The  serviceman's  gauge  set  should  be  connected 
as  at  tbe-^mpletion  of  the  evacuating  procedure . 

1.  Connect  center  hose  of  serviceman  s  gauge  set  to  can 
or  drum  of  refrigerant. 

2.  Open  the  supply  source  valve  of  the  refrigerant  drum 
or  can. 

3.  Loosen  the  center  fitting  of  the  hoee  at  the  gauge 
set  to  allow  a  little  of  the  refrigerant  to  escape.  This 

purges  the  air  from  the  hose.  After  about  five  seconds »  retighten 
the  center  fitting  on  the  gauge  set. 

4.  Turn  the  refrigerant  supply  can  or  drum  upside  down 

so  that  the  liquid  refrigerant  can  be  poured  Into  discharge  side 
of  the  system. 

5.  Open  the  high  pressure  gauge  valve  on  the  serviceman *s 
gauge  set  by  turning  the  valve  stem  out. 

6.  DO  NOT  OPEN  the  low  pressure  valve  on  the  serviceman's 
gauge  set  at  this  time. 

7.  Open  the  discharge  valve  on  the  compressor  by  turning 
the  valve  stem  in  (clockwise)  five  full  turns. 

8,.     Allow  2-1/2  pcJunds  of  refrigerant  R-i2  to  enter  the 
discharge  side  of  the  compressor.    If  you  are  using  li-cunce 
pressure  cans,  this  is  2-2/3  cans. 

CAUTION  I     CAUTION I     CAUTION 1 

9.      If  the  refrigerant  supply  drum  or  can  is  too  cold 
and  there  is  not  enough  pressure  to  force  the  liquid  into  the 
discharge  side,  it  is  possible  to  build  up  pressure  by  vanning 
Che  can  or  drum.    Place  the  refrigerant  supply  drum  or  can  in  a 
pan  of  warm  water  not  to  exceed  llO^F. 
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Cautlont    DO  NOT  HKAT  TUfi  REmCEIANT  CAM  OR  DRUM  VIIH  A 
FLAKE  OR  TORCH «    If  thm  con  or  drum  U  hMt«d  to  too  high 
A  t«mp«raeur«»  it  can  •xplod^. 

10.      CXosA  cht  valvtt  on  thm  rftfrlgMuiC  supply  drua  or  can 
whtt»  2*1/2  pounds  of  rsfrigtrant  mx%  In  th%  syatsn* 

11*  Clois  th€  hlah  prafure  gaug*  vaiva  on  tha  aarvlcaman'a 
gauga  aac  by  turning  tha  valva  atam  in  until  It  haa  aaatad 

tightly* 

12.      Back  aaat  tha  diacharga  valva  on  tha  compraaaor  by 

turning  tha  valva  atam  out  (cbuntarclockwiaa) . 

13*      Start  tha  car  angina. 

14.  In  tha  paaaangar  compartmant»  turn  tha  avaporator 
blower  switch  to  tha  high  position,  than  sat  tha  tamparatura 
control  lavar  to  tha  coldaat  poaition* 

15.  Opan  both  valves  on  tha  compraaaor  by  turning  tha  valva 
stems  in  approximately  one-quarter  turn. 

16.  Sat  tha  car  carburetor  on  faat  idle  cam  so  car  will 
run  at  about  1000  or  1200  rpm« 

17.  After  approximately  five  to  tan  minutaa,  tha  low 
pressure  and  tha  high  pressure  gaugea  will  indicate  normal 
reading  depending  on  surrounding  air  temperature.  Normal 
readings  On  low  preasuxfe  gauge  are  10  to  30  pounds «  Normal 
readings  on  high  p^^ssure  gauge  are  150  to  220  pounda*    If  tha 
hand  on  tha  high  preasure  gauge  vibtataa  too  faat.  alowly  turn 
the  discharge  valve  out  but  not  so  far  as  to  completely  close 
the  gauge  opening.    Turn  It  out  Just  enough  to  slow  tha  vibration 
of  the  high  pressure  gauge  needle  so  that  a  reading  can  be 
obtained* 

18.  Back  seat  both  valves  on  compressor  by  turning  valve 
stems  out. 

19.  Disconnect  gauge  set  hoses  and  cap  fittings  on  gauge 
port  openings.     Place  dust  covers  on  tha  compressor  valve  stems. 

20.  Be  sure  tc  check  the  system  for  leaks^ 

Note:    Although  the  charging  procedures  for  air 
conditioning  systems  are  similar^  stama  vary 
according  to  manufacturer*    Always  refer  to  tha 
appropriate  service  manual  for  charging  procedures. 
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QUESTIONS 

Th#  priaiary  causes  of  air  conditioning  system  failures 

are: 

a.  leaks,  dirt,  corrosion,  and  noiature. 

b.  high  cemperature  and  pressure* 

c.  air  in  the  system,  restrictions,  and  poor 
connections . 

d.  Mi  of  the  above. 

2.  Which  is  the  greatest  eneay  of  refrigerating  systems? 

a.  Moisture. 

b.  Dirt, 

c.  Corrosion. 

d.  Restrictions. 

3.  Using  the  sight  glass  diagnosis,  the  appearance  of 
slow-moving  bubbles  indicate 

a.  performance  is  satisfactory. 

b.  a  shortage  of  refrigerant, 

c.  a  restricted  suction  line. 

d.  a  restricted  discharge  line. 

jf 

A.      Before  a  malfunction  in  the  systar.  can  be  diagnosed 
^ad  corrected,  It  is  essential  that 

a*      the  exact  complaint  be  deterr^ined. 

b*      a  logical,  systeciatic  procedure  be  followed. 

c.  the  repaiman  have  an  understanding  of  hew  the 
syscem  operates  under  noraai  conditions. 

d.  the  repairman  determine  if  the  complaint  actuall 
stenr;  from  a  malfunction  in  the  system.. 

True  or  False 

5.      The  main  objective  when  troubleshooting  the  system 
is  to  isolate  the  problem, 

f 
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6.  Yott  e«i  n«v«r  «vaeu*t«      Air  eoadicieaiag  tyttta 

coo  long  a  tlaa. 

7.  Always  turn  th«  rtfrlgarAac  drum  or  can  upilda  down 
wt^lla  charging  tha  tyttaffl. 

8.  Mavar  haat  cha  rafrigaranc  can  or  drua  with  a  flaaa 
or  torch. 

9.  Whan  charging  with  rafrigaranc  in  a  liquid  ataca, 
NEVER  START  THE  CAR  ENGINE ! 

10.  Rafrigerant  R'12  la  tha  only  typa  of  rafrigarant  you 
should  usa  in  a  car  air  conditioning  syatam. 

11.  You  can  uaa  any  typa  of  oil  in  tha  air  conditioning 
syatam. 

12.  Brokan  baits,  obstruccad  air  pasaagas,  or  diaconnactad 
or  brokan  wiras  may  ba  dttaminad  by  visual  inspaction  of  tha 
parts. 

REFERENCES 

1.  TO  36A2-3-20-2-3,  Ford  Sarvlca  Manual. 

2.  TO  36A2-4-27-2,  Chavrolat  Sarvica  Manual. 

3.  TO  36A2-4-28-3,  Chavrolat  Sarvica  Manual. 

4.  TO  36A2- 5-9*12,  O^rvalar  Sarvica  Manual. 


Problem  &  Cause 

Correction 

L  CVAPOIUTOR  NOT  COOLING 

Frozen  evaporator  coil 

See  Item  No.  2 

Faulty  clutch 

Check  clutch  wires,  brush  assembly  and 

field  coil 

Drive  belt  slipping 

Tighten  drive  belt 

Outside  air  leaks  into  car 

(^lui^e  neaier  ana  air  venis 

Plugged  receiver-drier 

Kepiacc*  receiver-urier 

Expansion  valve  sensing  tube  broken 

Replace  expansion  valve 

Discharge  pressure  high 

See  Item  No.  3 

Suction  pressure  high 

See  Item  No.  4 

Frozen  expansion  valve  orifice 

Evacuate  system,  replace  drier. 

Blocked  expansion  valve 

Replace  expansion  valve  and  drier 

EVAPORATOR  COIL  FROZEN 

Defective  thermostatic  switch 

Replace  thermostatic  switch  assembly 

Dirt  on  evaporator  coil  fins 

Clean  evaporator  coil  fins 

^« 

DISCHARGE  PRESSURE  HIGH 

Clogged  condenser  fins 

Clean  condenser  fins 

Air  in  system 

Evacuate  ard  recharge  system  with 
Refrigerant  12  by  weight 

System  overcharged 

Bleed  out  all  refrigeramt  and  recharge 

by  weight 

Insufficient  condenser  air 

Install  larizer  fan 

Closed  discharge  v*llve  (for  hand 
operated  service  valves  only) 

Ojien  dischoi^^e  vaivc'  (for  hand  uperaied 
service  valves  oniv) 

A 

H. 

Qurrinra  ppessurc  HIGH 

Loose  expansion  valve  sensinc;  buU> 

T:t^htet!  ri,i:v-p         M).iKe  surt'  bulb  i:^ 
luuchmc  suction  piile 

System  overch  :  ged 

Bleed  oui  .xll  rrfriiieiMnt  and  re(^h.U"i;<.^ 
bv  wi  i;:ht 

R  0  p  1  ac  L  *j  xp  an  t>  I  oil  v'  ul  v  ^ ' 

E?cpansion  valve  stuck  open 

Compressor  piston  and  rings  worn 

Replace  coriiprci:S<T 

DISCHARGE  PRESSURE  LOW 

\eak  in  system 

Rct)air  leak 

Suction  valve  closed  (for  hand  operated 
service  valves  only) 

0})en  suction  valve  (fur  hand  rjperated 
service  valves  only) 

Chart  1.     Troubleshooting  Prcbiem  Chart. 
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Problem  &  Cause 


Correction 


^^7 


^^ischari:e  Pressure  Low  (Continued) 
Shortage  of  refrigerant 


Check  for  leaks  and  add  Refrigerant  12 


*Dr pluggM  w  <Hrt  ht^e 
Expansion  valve 

Expansion  valve  stuck  closed 


B V &cua te  *tyst#w ,  repl^ice  r ecel vet*-drter, 
recharge  system 

Repbc  e  expansion  valve 


Compressor  reed  valves  leaking 


Replace  compressor  valve  plate 
assembly 


Compressor  piston  and  rings  worn 


Replace  compressor 


6.  SUCTION  PRESSURE  LOW 

Srtorta^ie  of  refriRerant 


Check  for  leaks  and  add  Refrigerant  12 


Compressor  reed  valves  leaking 


Replace  compressor  valve  plate 
assembly 


Defective  expansion  valve 


Replace  expansion  valve 


Compressor  piston  and  rings  worn 


Replace  compressor 


7.  COMPRESSOR  CRANKSHAFT  NOT  TURNING 


Broken  or  sKpping  drive  belt 


Replace  or  tighten  drive  belt 


Broken  clutch  wire 


Replace  clutch  wire 


Br(?ken  brush  assembly 
Thermostatic  switch  defective 


Replace  brush  assembly 


Replace  thermostatic  switch  assembly 


Fuse  blown 


Check  for  short  circuit.    Replace  fuse 


Broken  piston  or  connecting  rod 


Replace  compressor 


Defective  clutch  field  coil 


Replace  clutch 


Overcharged  system  or  air  in  system 


Bleed  out  all  refrigerant  and  recharge 
by  weight 


8.  ENGINE  OVERHEATING 

Leaicin^  head  gasket 


Replace  head  ^raskct 


Fan  belt  slipping 

Tighten  Ian  belt 

Enj^ine  out  of  time 

Tune  eniziiie 

Damaged  radiator  cap 

Replace  r;idiatur  cap  with  j  :  ^  , 

pressure  ratine; 

Radiator  water  low 

Fill  r^idiator 

Clogged  condenser  fins 

Clean  condenser  ims 

Ent^ne  cooling  system  c^otjged 

Flush  radiator  and  engine 

 4 

Insufficient  air  flow  over  radiator 

Install  larger  fan 

Transmission  oil  low 

Check  oil  level  in  transmission  and 

add  proper  amount 

Automatic  transmission  slipping 

Replace  or  repair  automatic  transmission 

Overcharged  system  or  air  in  system 


Bleed  out  all  refrigerant  and  recharge 
by  weight 
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